he, 


Volume 11 APRIL 13, 1936 Number 2 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


PROGRAM OF THE 


WASHINGTON MEETING 


AT THE 
NATIONAL BUREAU OF STANDARDS 


AND THE 
NATIONAL ACADEMY OF SCIENCES 


April 30-May 2, 1936 


of Cong ress 


APR 16 1936 


S; 
Lithsonian Depo’ 


PUBLISHED BY THE AMERICAN PHYSICAL SOCIETY 
SEVEN ISSUES EACH YEAR 


/ 


The American Physical Society 


OFFICERS OF THE SOCIETY FOR 1936 


President F. K. RICHTMYER Cornell University 

Vice President H. M. RANDALL University of Michigan 
Secretary W. L. SEVERINGHAUS Columbia University 
Treasurer G. B. PEGRAM Columbia University 
Editor Joun T. TATE University of Minnesota 


Local Secretary for the Pacific Coast PAUL KIRKPATRICK Stanford University 


COUNCIL 


The President, Vice President, Secretary, Treasurer, Managing Editor, the three Past Presi- 
dents most recently retired from office, eight elected members and all Past Presidents first elected to 
the office of President prior to December 1932 constitute the Council which shal! have general charge 
of the affairs of the Society. 


Past Presidents: E. L. Nichols, Henry Crew, W. F. Magie, Ernest Merritt, R. A. Millikan, J. S. Ames, 
Theodore Lyman, D. C. Miller, K. T. Compton, H. G. Gale, W. F. G. Swann, Paul D. Foote, 
A. H. Compton, and R. W. Wood. 


Elected Members: L. O. Grondahl, E. C. Kemble, E. O. Lawrence, H. L. Dodge, G. Breit, K. K. 
Darrow, E. C. Crittenden, and J. W. Beams. 


BULLETIN 


of the 


AMERICAN PHYSICAL SOCIETY 


Published seven times per year 


Subscription price: $5.00 per year 


Single copies: $1.00 each o 


The Bulletin of the American Physical Society is published seven times a year during the months of February, 
April, June (2 issues), November (2 issues), and December at Prince and Lemon Streets, Lancaster, Pa. 


Address correspondence to Prince and Lemon Streets, Lancaster, Pa., or to Secretary W. L. Severinghaus, Columbia 
University, New York, N. Y. 


Entered at the post office at Lancaster, Pa., as second class matter. 


Acceptance for mailing at a special rate of postage provided for in the Act of October 3, 1917, embodied in paragraph 
4, Section 412, P. L. & R., authorized April 28, 1928. 


a 
‘ ¥ 


APRIL 13, 1936 


Vol. 11, No. 2 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


WASHINGTON MEETING, APRIL 30-MAY 2, 1936 


HE 205th regular meeting of the American 
Physical Society will be held in Washing- 
ton, D. C., at the National Bureau of Standards 
on Thursday and Friday, April 30 and May 1, 
1936, and at the National Academy of Sciences, 
B and 21st Streets, and at the American Phar- 
maceutical Association, one block from the 
Academy, on Saturday, May 2, 1936. The first 
session will be at 9:30 o’clock on Thursday 
morning. 

There will be sessions in the East Building, the 
Chemistry Building, and the Industrial Building 
of the National Bureau of Standards, in the 
Auditorium and Lecture Hall of the National 
Academy of Sciences, and in the Auditorium of 
the American Pharmaceutical Association. The 
schedule of papers is given below. 


Joint Meeting. On Thursday evening, April 30, 
1936, at 8:15 o’clock in the Auditorium of the 
National Museum, Constitution Avenue and 
10th Street, there will be a joint session of the 
American Physical Society and the Institute of 
Radio Engineers. This session will consist of two 
invited papers. The speakers will be Dr. V. K. 
Zworykin of the RCA Manufacturing Company 
on Applied Electron Optics, and Dr. G. C. South- 
worth of the Bell Telephone Laboratories, Inc. 
on Hyperfrequency Transmission Through Wave 
Guides. 


Symposium. On Friday afternoon at 2:00 
o’clock at the National Bureau of Standards, 
East Building, there will be a symposium on The 
Results of the 1935 Stratosphere Flight under the 
Auspices of the National Geographic Society and 


the U. S. Army Air Corps consisting of eight 
invited papers. 


Dinner. On Friday evening at 7:00 o'clock 
there will be a dinner for the members and their 
friends at the Raleigh Hotel. The price of the 
dinner will be $2.00. Tickets must be purchased 
at the registration desk at the National Bureau 
of Standards. 


Luncheon. On Thursday and Friday lunch- 
eon will be served at 12:30 o'clock in the cafeteria 
in the Industrial Building of the National Bureau 
of Standards. 


Headquarters. Headquarters will be at the 
Raleigh Hotel, Pennsylvania Avenue at 12th 
Street. There will be a flat rate of $3.50 per day 
per person for single rooms with tub and shower 
bath, $5.00 to $7.00 per day for double rooms 
with bath. Advance reservations are urged as 
hotels will be crowded. Please write directly to 
the hotel for accommodations. 


Railroad Rates. By obtaining from the Secre- 
tary on request an “Identification Certificate” a 
member and his immediate family with him can 
obtain a reduction in railroad fares to ‘‘one and 
one-third fare on the Identification Certificate 
Plan” for round trip to Washington for the 
meeting of the National Academy of Sciences or 
the American Physical Society. Please send re- 
quest for your Identification Certificate in good time 
for it to reach you before vou start to Washington. 
Only one is needed for each member and his 
family. It will be necessary for each member, 


when purchasing round-trip tickets, to present 
and surrender the Identification Certificate issued 
on account of this meeting and to indicate to the 
ticket agent which ticket is desired—namely (1) 
one and one-third fare for round trip, good via 
same route in both directions, final return limit 
30 days in addition to date of sale; or (2) one and 
one-third fare for round trip, going via any 
authorized route and returning via another 
authorized route, final return limit 30 days in 
addition to date of sale. Concerning dates of sale 
and final return limit of tickets consult your local 
ticket agent. 


Summer Meeting at Seattle. The summer 
meeting on the Pacific Coast will be held in 
affiliation with the Pacific Division of the Amer- 
ican Association for the Advancement of Science 
at Seattle, Washington, June 17—20, 1936. 


Summer Meeting at Rochester, New York. 
The summer meeting in the east will be held at 
Rochester, New York, June 22-23, 1936, by 
invitation from the Department of Physics of the 
University of Rochester. 


Sigma Pi Sigma Luncheon. The luncheon of 
Sigma Pi Sigma members and guests, held 
annually in connection with the Washington 
meeting, will be at the Wardman Park Hotel, 
Connecticut Avenue and Woodley Road, at 
12:45 on Friday, May 1. Transportation will be 
provided at the main entrance of the East Build- 
ing, leaving shortly after the conclusion of the 
morning sessions. It will be appreciated if 
members desiring to attend would leave their 
names at the information desk. 


GENERAL RULES RELATING TO PAPERS 


Only those titles of papers shall be listed on 
the preliminary program of a meeting of the 
Society for which abstracts ready for publication 
are in the hands of the Secretary. 


When two or more papers are offered by the 
same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. (A 
paper presented by two or more authors is 
assigned to the first named author.) Papers 
received after the program has been printed will 
be placed in the supplementary program. 

All supplementary papers will be grouped 
according to subject matter and will be called 
for at their appropriate sessions only, these 
sessions to be designated on the program. The 
presiding officer may assign a reduced time to 
these papers or may in his discretion call for 
them to be read by title only. 

Except by special vote of the Society, the 
maximum allowance of time for the presentation 
of a paper shall be ten minutes. The presiding 
officer shall enforce this rule. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. These 
abstracts have not been corrected by the authors. 
After correction the abstracts will be published 
in an early number of the Physical Review. Au- 
thors should send corrections to the Publications 
Manager, The American Institute of Physics 
Incorporated, 175 Fifth Avenue, New York, 

Other meetings for the current season are as 
follows: 


206. June 17—20, 1936. Seattle, Washington. 

207. June 22-23, 1936. Rochester, New York. 

208. Joint meeting with American Institute of 
Physics Incorporated. October, 1936. New 
York City. 

209. November 27-28, 1936. Chicago, Illinois. 

210. December 28-30, 1936. Annual Meeting. 


Atlantic City, New Jersey. 


W. L. SEVERINGHAUS, Secretary 
Columbia University, New York, N. Y. 


April 13, 1936. 


CALENDAR 


Thursday morning 


9:30 o’clock: N B of S East Building: Papers 
1-10. Pages 6-8. 

9:30 o'clock: N B of S Chemistry Building: 
Papers 11-21. Pages 8-10. 

9:30 o'clock: N B of S Industrial Building: 
Papers 22-29. Pages 10-12. 

10:30 o'clock: N B of S South Building: Room 
300: Council Meeting. 


Thursday afternoon 


2:00 o'clock: N B of S East Building: Papers 
30-36. Pages 12-13. 

2:00 o'clock: N B of S Chemistry Building: 
Papers 37-45. Pages 13-14. 

2:00 o’clock: N B of S Industrial Building: 
Papers 46-52. Pages 15-16. 


Thursday evening 


8:15 o’clock: National Museum: Auditorium: 
Joint meeting: A.P.S. and I.R.E. Papers 
53-54. Page 16. 


Friday morning 


9:30 o’clock: N B of S East Building: Papers 
55-62. Pages 16-18. 


9:30 o'clock: N B of S Chemistry Building: 
Papers 63-73. Pages 18-20. 

9:30 o'clock: N B of S Industrial Building: 
Papers 74-85. Pages 21-23. 


Friday afternoon 
2:00 o'clock: N B of S East Building: Sym- 
posium on Stratosphere. Page 23. 


Friday evening 
7:00 o’clock: Raleigh Hotel: Dinner. 


Saturday morning 
9:30 o'clock: N A of S Auditorium: Papers 
86-93. Pages 24-25. 
9:30 o'clock: N A of S Lecture Hall: Papers 
94-104. Pages 26-28. 
9:30 o'clock: A P A Auditorium: Papers 105- 
114. Pages 28-30. 


Saturday afternoon 

2:00 o’clock: N A of S Auditorium: Papers 
115-126. Pages 30-32. 

2:00 o’clock: N A of S Lecture Hall: Papers 
127-137. Pages 33-35. 

2:00 o'clock: A P A Auditorium: Papers 138— 
148. Pages 35-37. 

For Supplementary Papers see Pages 37-38. 


1. Excess Energy Electrons in High Vacuum Tubes. 
E. G. LinpEr, RCA Manufacturing Co. Inc., Camden, N. J. 
—Data have been obtained showing the existence, in cer- 
tain types of high vacuum tubes, of electrons which are able 
to pass to an electrode having a more negative potential 
than the cathode from which they originate. The tubes 
used had a cylindrical plate with a concentric tungsten 
wire cathode, and a probe electrode either in the form of a 
wire positioned near and parallel to the cathode, or in the 
form of a disk near the end of the plate. A magnetic field 
was applied parallel to the filament. Excess energy electrons 
appeared when the magnetic field strength exceeded the 
cut-off value so that electrons were unable to reach the 
plate. Probe measurements indicate that the energy distri- 
bution is nearly Maxwellian. The average energy increases 
with plate potential over a large part of the region investi- 
gated. As the magnetic field is increased, the excess energy 
electron current rises to a maximum, then drops off. With 
a plate voltage of 1000, electrons have been collected by 
probes 200 volts negative with respect to the filament. 
The presence of gas, or the existence of oscillations, 
does not seem to be necessary. Possible explanations will 
be discussed. 


2. A Photographic Study of Lightning. L. B. Snoppy, 
E. J. WoRKMAN AND J. W. Beams, University of New Mexico 
and University of Virginia.—A photographic investigation 
of lightning flashes near Albuquerque, New Mexico 
(altitude 5000 to 6000 ft.), has been made. The pictures 
were taken with three separate cameras, the first with 
photographic film stationary, the second with film moving 
80 cm/sec., and the third with film moving 850 cm/sec. 
In one picture four flashes were obtained approximately 
0.01 sec. apart, each progressively lengthening the same 
path. The first flash reached 0.5, the second 0.6, the third 
0.7 of the distance from cloud to ground. The fourth flash 
was the first to extend all the way from cloud to ground. 
This main flash was followed by four others at varying 
intervals. Photographs of flashes similar to those previously 
reported by Schénland and others were obtained in which 
the “‘leader’’ proceeded from cloud to ground, immediately 
followed by the ‘‘main’”’ flash traversing the same path but 
from ground to cloud. Two intense flashes taken during 
unusual atmospheric conditions showed no observable 
“leaders.” 


3. Investigations of Vacuum Sparks by Means of a 
High Speed Rotating Mirror. J. A. CHILEs, JR., University 
of Virginia.—Investigations of vacuum sparks between 
electrodes of aluminum, bismuth, cadmium, copper, 
graphite, lead, magnesium, palladium, tin, tungsten, and 
zinc were carried out by means of a camera and a high 
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speed rotating mirror. In the case of tungsten and palla- 
dium photographs were taken both before and after out- 
gassing the electrodes. The images of the sparks were 
swept across the plate at a speed of about 1.5 x 10° cm/sec. 
It was found that in each vacuum discharge the anode 
became luminous before the cathode, except in a few rare 
cases where very faint spots of luminosity were observed 
on the tip of the cathode before the initiation of the main 
discharge. The emission of x-rays from the spark was stud- 
ied with a pinhole camera. The results support the con- 
clusion that the discharge in high vacuum between cold 
electrodes is initiated by field electron emission from the 
cathode. 


4. Ionization of Liquid CS, by X-Rays. Lauriston S. 
TayLor, National Bureau of Standards.—Continuing 
studies already reported, measurements of the ionization 
produced in CS, by 160 kv (eff.). X-rays have been made 
with the view of avoiding the effects of space charge or 
barrier potential previously encountered. This space 
charge was such as to reduce the effective voltage across 
the cell to about 60 percent of the applied value. Applying 
a variable frequency variable amplitude square wave 
voltage to give field strengths up to 80 kv/cm, ionization 
measurements were made at various intervals, from 0.002 
to 2 sec. after applying the voltage. Much larger ionization 
currents resulted at the shorter intervals, before the bar- 
rier potential became large enough to be effective. At 
longer intervals the currents agreed with those previously 
found for static conditions. An apparent ‘‘fatigue’’ of the 
cells used under static conditions is absent when the volt- 
age is applied for only short intervals. Under some condi- 
tions there appears to be a unipolar conductivity of the 
cell when applying fluctuating voltages. Calculated values 
of the saturation current are the same regardless of the 
cell polarity. 


1F. L. Mohler and L. S. Taylor, Phys. Rev. 45, 762 (1934); 47, 805 
(1935). 


5. Negative Ions in Oxygen and Hydrogen. OVERTON 
LuHR AND CHARLES T. MALE, JR., Union College—Pre- 
liminary results are presented on experiments in Os, He 
and H.—Oz mixtures which were designed to determine 
the nature of negative ions formed by electron attachment 
with subsequent aging in these gases. Nernst glowers were 
found to serve as satisfactory emitters of electrons in Oz 
at any pressure, as they are not poisoned like other oxide 
emitters. Emission currents of about 15 milliamperes were 
easily obtained from a Nernst glower rated at 0.4 ampere 
when the heating current was raised to 0.65 ampere. This 
procedure did not harm the glower over long periods of 
operation. Only newly formed ions have been investigated 


so far with the mass spectrograph, but a wide variety have 
been found, ranging from H~ to complex ions of molecular 
weight over 100 in Hy. The heavier ions were presumably 
due to impurities such as water vapor in the Hz». In rela- 
tively pure oxygen, four intense peaks appeared, due ap- 
parently to O-, H,O2-, O;~ and O,-. The O2~ ion seemed to 
appear principally in H,—O, mixtures. The identity of 
these ions is yet to be definitely checked by careful calibra- 
tion of the mass spectrograph. Ions of similar nature have 
been found in the plasma of a glow discharge. 


6. A Characteristic of the Copper Arc During the Forma- 
tive Period. Paut L. Betz AnD S. KAarRER, Consolidated 
Gas, Electric Light & Power Company of Baltimore.—This 
paper gives the results of an investigation of the voltage 
characteristic of the copper arc in air during the process 
of arc formation. A pair of copper electrodes, initially in 
contact and carrying current, were separated and the 
voltage arising across the arc gap was studied. At the 
instant of electrode separation there developed across the 
gap a voltage of about 12.2 volts. This value was attained 
in less than 10~ second. These data were obtained by means 
of a cathode-ray oscillograph. The rapidly developed 
voltage was found to be independent of arc current for 
current values up to 100 amperes, which suggests that the 
rapidly developed initial voltage corresponds to the cathode 
fall of the arc. The initial voltage appears to be a pre- 
requisite to the subsequent development of the usual arc 
characteristics, i.e., dependence of arc voltage upon arc 
current, arc length, etc. 


7. Forces at the Cathode of a Copper Arc. R. M. 
ROBERTSON, Massachusetts Institute of Technology.—Ex- 
periments to investigate mechanical forces at a copper arc 
cathode were undertaken with the object of studying the 
effects observed by Tanberg! in the vacuum arc and by 
Duffield, Burnham and Davis? in the arc in air. Force 
measurements were taken at various pressures of hydrogen 
and nitrogen. The cathode was the bob of a pendulum 
suspended in a tank which could be evacuated to about 
10-* mm of mercury. The deflection was measured by 
means of a mirror and scale and the force was thus de- 
termined. Corrections were made for electromagnetic 
interactions. Convection produced a force tending to 
bring the electrodes together, which was apparent in 
nitrogen but not in hydrogen. The measurements revealed 
a force increasing rapidly with current and increasing with 
decreasing pressure. These forces were found to be larger 
for hydrogen than for nitrogen and in the pressure range 
studied were of the same order of magnitude as those 
detected by Duffield, Burnham and Davis, ranging from 
7 dynes at 50 cm to 17 dynes at 2 cm in nitrogen for a 
current of 15 amperes. The experimental arrangement 
permitted much greater accuracy in the measurement of 
cathode forces than has been previously reported. 


1 Tanbere, Phys. Rev. 35, 1080 (1930). 
? Duffield, Burnham and Davis, Proc. Roy. Soc. A97, 326 (1920). 


8. Theory of the Positive Column of an Arc in Nitrogen 
at Atmospheric Pressure. E. S. LAMAR, Massachusetts 
Institute of Technology.—A consideration of the energy 


losses from the positive column shows that thermal con- 
duction and the radial diffusion of atoms out of the arc 
column account for all but a few percent of the energy 
generated. If one assumes thermal ionization in accordance 
with the Saha equation, one can set up an energy balance. 
The numerical integration of the resulting differential 
equation determines the radial temperature distribution in 
terms of the temperature at the center of the column. 
In the differential equation a change of variable is made 
from the radius r to a variable x= Er where E is the po- 
tential gradient. E appears, therefore, simply as a scale 
factor for the current, the relationship between current and 
gradient being of the form E=C/i. The integration is 
carried out for a number of different center temperatures. 
The arc is believed to operate with that center tempera- 
ture which makes the constant C, and thus the energy 
dissipation, a minimum. Thus, with the introduction of 
no arbitrary constants, it has been possible to determine a 
center temperature of about 6000°K and a value of C well 
within reason. The effects of small concentrations of 
materials having ionization potentials less than that of 
nitrogen have been considered. 


9. The Energy Distribution of Electrons in an Electric 
Field in a Gaseous Column. Harry C. KELLy, Massa- 
chusetts Institute of Technology. (Introduced by Philip M. 
Morse.)—An investigation was made to determine the 
influence on the distribution function of energy losses due 
to elastic and inelastic impacts with atoms of helium. The 
experimental tube consisted of two circular plates between 
which the field was applied enclosed by a cylindrical con- 
tainer kept midway in potential between the accelerating 
plates. Electrons from a tungsten filament enter the en- 
closure through a grid in the first circular plate and a 
sample of these electrons leaves the enclosure through a 
grid in the second plate. Electrons were put into the 
cylindrical container with an average energy calculated 
from the Morse-Allis-Lamar distribution function.! The 
distribution was determined by measuring the current to 
a retarding plate placed beyond the second grid. By vary- 
ing the helium pressure, tests were made to show that 
sufficient collisions were made to set up a distribution. 
The Morse-Allis-Lamar and Maxwell's distributions were 
integrated to compare with the observed probe current vs. 
probe voltage curves. With values of E/P=5, 10, 15 
volts/em mm excellent agreement was found with the 
Morse-Allis-Lamar distribution and a definite departure 
from the Maxwellian. With E/P >20 volts/em mm where 
excitation and ionization set in a marked decrease in the 
number of high energy electrons was observed with dis- 
continuities at the excitation voltages. 


1 Morse, Allis and Lamar, Phys. Rev. 48, 412 (1935). 


10. The Technique of Producing Low Pressure High 
Frequency Electrical Discharges Due to a Solenoid Im- 
mersed in the Gas Under Examination. Ortro STUHLMAN, 
JR., The University of North Carolina at Chapel Hill.—Con- 
tinuous wave excitation was employed using a balanced 
push-pull vacuum-tube circuit. Frequency range 1500 to 


6000 kc/sec. The solenoid was constructed of 3/16-inch 
glass tubing with 1/16-inch bore, filled with mercury, 
loosely wound and fused into cylindrical or spherical glass 
containers. Internal diameter of solenoid about half the 
diameter of container. This solenoid, immersed in the gas 
under spectroscopic examination, formed the plate in- 
ductance in the P. P. circuit. Upon reducing the pressure 
of the gas, the discharge struck at the high potential end 


of the solenoid and spread along the coil as the pressure 
was decreased or the potential increased. Standing waves 
can be identified by the presence of luminous loops along 
the solenoid. The intensity and character of the discharge 
can be controlled, along the axis of the solenoid, by changes 
in pressure of the gas and changes in current, frequency 
and inductance. Characteristic discharges will be illus- 


trated by photographs. 


Papers Nos. 11, 14 and 15 will be read by title. 


11. Filtration of Elastic Waves in Solid Rods with 
Membranes as Side Branches.* R. B. Linpsay anp T. G. 
BarRNEs, Brown University—This paper considers the- 
oretically the propagation of compressional and torsional 
waves in solid rods having membranes as side branches. 
An infinite cylindrical rod is loaded at equal intervals 
with flexible circular membranes attached at their outer 
edges to the inside of a circular cylinder. The assumption 
that longitudinal waves in the rod set up symmetrical 
transverse waves in the membranes leads to the conclusion 
that the structure is a high-pass compressional wave 
filter. The limiting case of an infinitely rigid membrane 
is also investigated. There is next considered the case of 
torsional waves in the rod giving rise to radial torsional 
waves in the attached membranes which now may be 
treated either as flexible or rigid diaphragms. When the 
latter are rigidly clamped at their outer edges, the struc- 
ture is found to be a high-pass torsional wave filter. When 
the diaphragms are free at the outer edges, a low-pass filter 
results. 


* To be read by title. 


12. An Optical Stethograph. J. E. SHRADER, Drexel 
Institute, Philadelphia, Pa.—An instrument is described 
which has characteristics similar to Miller’s phonodeik. 
It differs from Miiler’s device in that the suspension 
eliminates pivot bearings, thus preventing friction. This 
suspension is quite simple and requires only ordinary 
skill in its construction. The new application is that of a 
stethograph which may be used for observing and record- 
ing all sorts of vibrations. Industrially it can be used in 
measuring vibrations of walls, plates, structures, machinery, 
etc. The device provides for observation of vibration by 
a rotating mirror at the same time that a record is being 
made photographically. 


13. An Interesting Case of Submultiple Resonance. 
L. B. TucKERMAN AND WALTER RAMBERG, National 
Bureau of Sciences.—In investigating a case of severe 
vibrations in an airplane it was found that air impulses 
from a two-blade propeller with a frequency of about 3200 


THURSDAY MORNING AT 9:30 o’CLOCK 
National Bureau of Standards 


Chemistry Building, Lecture Room 


8 


per minute excited resonant vibrations in the wings with a 
frequency of about 1600 cycles per minute and these in 
turn excited resonant vibrations in the tail assembly with a 
frequency of about 800 cycles per minute. The natural 
frequencies of the wing and tail differed enough from the 
ratio 2 to 1 to produce strong beats by the interchange of 
energy between wing and tail. There is a voluminous 
literature in the field of radio communication on the use of 
relaxation phenomena in frequency divider circuits, but no 
discussion of the phenomena of submultiple resonance was 
found in a search of engineering literature, and no reference 
at all to any investigation of the subject between the work 
of Raman and his followers (1911 to 1921) and a discus- 
sion by P. O. Pedersen in 1933 of its occurrence in radio 
loudspeakers. It seems possible that submultiple resonance 
has been the unrecognized cause of a number of baffling 
cases of undue vibrations in engineering structures. A 
mechanical model illustrating the phenomenon has been 
constructed and will be demonstrated. 


F. Melde, “Uber die Erregung stehender Wellen eines fadenférmigen 
K6rpers,”’ Poggendorff’s Ann. d. Physik u. Chemie, 4th Series, 19, 
193-215 (1860). 

C. V. Raman, ‘“‘On Motion in a Periodic Field of Force,”’ Bull. No. 11, 
Ind. Assn. Cult. Sci. (1914), pp. 25—42. 

P. O. Pedersen, ‘‘Subharmonics in Forced Oscillations in Dissipative 
Systems,” J. Acous. Soc. Am. 6, 227-238 (1935); and 7, 64-70 (1935). 


14. Analysis of Broadening of X-Ray Reflections by 
Strain.* S. O. Rice, Bell Telephone Laboratories. (Intro- 
duced by T. C. Fry.)—In the interpretation of x-ray meas- 
urements of the reflection of ‘‘monochromatic’”’ radiation 
from a crystal plane it is often desirable to separate two 
effects, one due to variations in the lattice spacing of the 
planes and the other due to variations of the wave-length. 
In the present case it was desired to know the distribution 
of lattice spacings in a material, having given (1) the func- 
tion relating x-ray intensity to the angle of reflection, and 
(2) the distribution of intensity in the x-ray line, which is 
given by reflection from a material having constant lattice 
spacing. This involves solution of the integral equation 


for fa(u) when the other two functions are given. The solu- 


tion may be written as a Fourier integral, which for the 
special case 

fx (0) and 
becomes 


(M+ N)n 

a(m+n)N 
x Dell p+2kn Z(p+2N+2kn) i 
L(p+2kn)?+u2 (p+2N+2kn)?+u? 


Here qg=2ms!/x, r=2(m?+n?)s, s=1/(m?—n?)?, s=(m—n)/ 
m+n; Q, R, S and Z are similar expressions in M and N; 
and p=(M—N)—(m—n). The mean square values of the 
functions f,(@), F(@) and fa(@) are, respectively, m?—n?, 
M?— N?, and (M?— N?)—(m?—n?*). The fact that the mean 
square value of F(@) is the sum of the mean square values 
of the other two functions is also given by a more general 
argument known previously. 


fa(u) = 


* To be read by title. 


15. Energy and Lattice Spacing in Strained Solids.* 
G. R. Stipitz, Bell Telephone Laboratories. (Introduced by 
R. M. Bozorth.)—lf an elastically isotropic substance is 
strained by means of principal stresses F,, F,, F., the 
distance d between a pair of planes having direction angles 
é and y will become d+Ad, where 


EAd/d=(F,—vF,—vF,) sin y cos 0 
+(F,—vF.—vF,) sin y sin6+(F.—vF,—vF,) cosy. 


E is Young’s modulus and » Poisson’s ratio. From this 
formula we may deduce a relation between the distortion 
of the lattice and the potential energy of internal strain in 
cold worked crystals. In particular, if the stresses are 
assumed independent, and oriented at random (which 
implies that F,?= F2=F and F,F,=F,F,=F,F.=0, 
and also that the mean values of the trigonometric func- 
tions are all zero), the mean square percentage change in 
spacing comes out at once to be 


F2Ad?/d? = F*(1+2v*). 


But under these conditions the potential energy due to the 
strain is V=3F?/2. Hence 


Ad?/d? = 


As the broadening of x-ray lines, due to strain, is deducible 
from Ad?/d?, this formula is equivalent to a relation be- 
tween such broadening and the potential energy of strain 
acquired in the process of cold working. 


* To be read by title. 


16. Energy of Lattice Distortion in Hard Worked Perm- 
alloy. F. E. Hawortu, Bell Telephone Laboratories — 
By using a focusing camera and Fe radiation, the lattice 
distortion produced by severe cold working of permalloy 
of 70 percent Ni content has been studied by measuring 
the broadening of the reflection of the Ka doublet by the 
(311) planes. The broadening decreases upon annealing 
and recovery is complete at 650°C, when the breadth of 
the x-ray intensity curve at half-maximum is as small as 
that obtained by use of the two crystal spectrometer. 
The mean square distortion in the lattice spacing due to 


cold work is derived from the x-ray measurements after 
photometering the x-ray film, converting the curve into an 
x-ray intensity curve, fitting the latter with an empirical 
equation and using the analysis given by Rice in the second 
abstract above. The energy of the distortion is then calcu- 
lated by using Stibitz’s equation given in the preceding 
abstract. The root-mean-square distortion was found 
to be 0.31 percent of the lattice spacing after the material 
had been reduced 96 percent in area by cold working. 
After annealing at 650°C, no distortion was detectable 
(accuracy about 0.01 percent of the lattice spacing). The 
energy of distortion in the hard worked condition is found 
to be 23 X 10° ergs/cm* or 0.068 calorie/gram. 


17. Effect of Annealing on the Properties of Hard- 
Worked Permalloy. J. F. DIL_inGer, Bell Telephone 
Laboratories.—An alloy containing 70 percent nickel and 
30 percent iron was hard-worked until its original cross 
section was reduced 96 percent, and the changes in various 
properties were observed after annealing for various 
lengths of time at temperatures between 200° and 1100°C. 
The properties measured were initial and maximum mag- 
netic permeabilities, the ‘‘magnetic hardness” in high fields, 
the electrical resistivity and the mechanical hardness. 
The changes are practically complete after annealing for 
one hour at 650°C, and are exponential with time and the 
reciprocal of the absolute temperature. The results are 
interpreted in terms of the energy which atoms must have 
in order to diffuse in the crystal lattice, and this energy is 
found to be 1.7 electron volts, in agreement with that found 
in alloys having superstructure. Results are correlated with 
the relief of internal strains as measured by x-rays (see 
preceding abstract). 


18. The Variation of Young’s Modulus with Magnetiza- 
tion in Permalloy. SIDNEY SIEGEL AND SEYMOUR RoOsIN, 
Columbia University—Data are reported which show the 
variation of Young’s modulus with magnetization in three 
specimens of 81 permalloy. The specimens were prepared 
by subjecting a single rod of material to the following 
consecutive processes: (1) annealing at 1100°C in hydrogen 
and slow cooling; (2) stretching beyond the elastic limit 
with a resultant permanent elongation of 2 percent; (3) 
quenching in water at 1050°C. The percent increase in 
Young's modulus between zero and saturation magnetiza- 
tion was 0.26 percent for the first specimen, 0.15 percent 
for the second, and 0.11 percent for the third. The magni- 
tude of this effect in annealed 81 permalloy is thus very 
nearly the same as it is in annealed Armco iron, and so is 
larger than might have been predicted, on the basis of 
Akulov's theory, from the known absence of magneto- 
striction in this material. We wish to thank Dr. R. M. 
Bozorth of the Bell Telephone Laboratories for the gift of 
the permalloy rod. 


19. Variation of Rigidity and of the Decrement of 
Torsional Vibrations with Magnetization in Iron. W. F. 
Brown, Columbia University—Results obtained by a 
method previously described by W. T. Cooke! are com- 
pared with Cooke's results for longitudinal vibrations. 
From demagnetization to saturation, the rigidity of an- 


nealed material increases about 0.26 percent and Young’s 
modulus about 0.30 percent. Both changes are about 50 
percent greater than before annealing. The decrement 
before annealing varies with magnetization much as 
described by Cooke for longitudinal vibrations. The 
demagnetized value is practically the same for both types 
of vibration, and in both cases is increased from 2X 10-4 to 
2.6X10-* by annealing. The decrement for annealed 
material drops rapidly above the knee of the magnetiza- 
tion curve. The effect of eddy currents of magnetostrictive 
origin? has been calculated and is negligible except for 
longitudinal vibrations at high fields. 


1 Phys. Rev. 45, 742 (1934). 
2M. Kersten, Zeits. f. tech. Physik 11, 463 (1934). 


20. The Temperature Variation of the Elastic Constants 
of NaCl, KCl and MgO Crystals between 80°K and 560°K. 
Mito A. Duranp, Columbia University —The piezo- 
electric method developed by Balamuth and Rose has been 
extended to permit the measurement of the elastic con- 
stants of solids at temperatures at least as high as 560°K. 
Data are reported which exhibit the temperature varia- 
tion of the three elastic constants of NaCl between 80°K 
and 480°K, of KCl between 80°K and 280°K, and of MgO 
between 80°K and 560°K. The behavior of these three 
substances can be correlated in the following manner: 
If c,, denote one of the elastic constants ¢ or cu, then 


Ars log =frs(X), 


where A,;, is a constant characteristic of the substance, 
X =(absolute temperature)/(characteristic temperature), 
and f,.(X) is a function which is identically the same for all 
three substances. The value of c2 is independent of tem- 
perature over the specified ranges for all three substances. 
Plausible extrapoiations to lower and higher temperatures 


yield values of the constants at absolute zero and ap- 
proximately correct values of the melting points. 


21. Magnetic Susceptibility of Oxides of Lead. Lars 
WELO AND Max PETERSEN, Tottenville, N. Y., and Lehigh 
University—The measurement of the magnetic suscep- 
tibility of the product of vacuum decomposition of lead 
oxalate at 200-300°C fails to confirm the interpretation 
given by Pascal and Minne! that the phenyl-hydrazine 
reduction of lead oxide produces some, but not pure lead 
suboxide. Their conclusions rest on the assumption of a 
susceptibility value —0.09X10-* for the supposed sub- 
oxide produced by vacuum decomposition of PbO at 
265°C. The authors’ measurements, made by the Gouy 
method, fail to confirm this datum. The measured values 
for a number of specimens, uncorrected for ferromagnetic 
contamination, considerably exceeded, absolutely, the 
value 0.09 and extrapolated the values not significantly 
different from that which they should have given if they 
consisted of a mixture of Pb and PbO having the same free 
lead (12-60 percent) content that chemical analysis 
showed them to have. In all samples, prepared by pumping 
and temperature variants of that prescribed by Pascal 
and Minne, appreciable ferromagnetic impurities were 
found, apparently aggravated by the process of decompo- 
sition of the oxalate. Observations on pure PbO confirm 
the accepted value of its susceptibility, namely, —0.19. 
Observations of the reduction product by phenyl-hydrazine 
showed low susceptibility values not unlike Pascal’s; 
but unsolved chemical complexities were clearly involved. 
The conclusion seems unavoidable that in these measure- 
ments there is no evidence for the existence of a stable 
suboxide of lead. 


1 Comptes rendus 193, 1303 (1931). 
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22. The Inverse Piezoelectric Properties of Rochelle 
Salt at Audiofrequencies. Oscak NoRGORDEN, University 
of Minnesota.—Measurements of the inverse piezoelectric 
dilatation were made as a function of the temperature and 
of the frequency and intensity of the applied electric field. 
It was found to be proportional to the intensity of the 
electric field from 5 to 47 peak volts/cm for temperatures 
above the upper Curie point and from 5 to 40 peak volts/cm 
for temperatures below the Curie point; also it was found to 
be practically independent of the frequency from 100 to 
4000 cycles/sec. and for temperatures from 13.3°C to 
35.4°C. For temperatures below the Curie point the inverse 
piezoelectric dilatation increased as the frequency was 
decreased from 100 cycles/sec. This increase was explained 
in terms of Schulwas-Sorokin and Posnov’s theory of 
relaxation time. For temperatures above the Curie point 
the inverse piezoelectric dilatation decreased as the fre- 


quency was decreased from 100 cycles/sec. Mueller’s theory 
explained the experimental results for frequencies from 100 
to 4000 cycles/sec. and temperatures above the upper 
Curie point. This theory was approximately in agreement 
with experiment for temperatures from 13.3°C to the Curie 
point and for frequencies from 100 to 4000 cycles/sec. 
Below 100 cycles/sec. the theory is not in good agreement 
with the experimental results. 


23. Electron Image Tubes: Focusing Properties. G. A. 
MorTON AND E. G. RAMBERG, RCA Manufacturing Com- 
pany, Inc., Camden, N. J—The variation of image distance 
and magnification with object distance is investigated ex- 
perimentally and theoretically for systems consisting of two 
cylinders of equal diameter, one of which is at cathode 
potential. Furthermore, the effect on both quantities of 
replacing this latter cylinder by a system of rings simulating 
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a cylinder at linearly increasing or decreasing potential is 
studied. It is found that in both cases, for a large range of 
object and image distances and accelerating or decelerating 
potentials, the magnification is given to a fair approxima- 
tion by one-half the ratio of image and object distance 
measured from the plane separating the two cylinders. 
Tables are shown giving the principal optical parameters of 
the systems. 


24. Electron Image Tubes: Aberrations. E.G. RAMBERG 
AND G. A. Morton, RCA Manufacturing Company, Inc., 
Camden, N. J.—Curvature of the image field, astigmatism, 
and distortion are calculated and measured for an electron- 
optical system consisting of a flat cathode and two cylin- 
ders, one at cathodic potential. Their correction by suitably 
curving the cathode is demonstrated and discussed. 
Furthermore, the chromatic and spherical aberrations on 
the axis and their relation to the initial velocities of the 
electrons leaving the cathode are considered. 


25. Spontaneous Resistance Fluctuations in Carbon 
Microphones and Other Granular Resistances. G. L. 
PEARSON AND C. J. CHRISTENSEN, Bell Telephone Labora- 
tories, Inc.—Voltage fluctuations which occur in resistance 
elements of the granular type when a direct current is flow- 
ing have been measured in the granular carbon micro- 
phone, commercial grid leaks, and sputtered or evaporated 
metal films. The results can be expressed by the formula, 
V2=KV2R8 log (F2/Fi), where V2 is the mean square 
fluctuation voltage, V is the d.c. voltage across the granular 
resistance R, a and @ are constants having values of about 
1.85 and 1.25, respectively, and F, and F;, are the limits of 
the frequency range over which the fluctuation voltage is 
measured. The constant K depends, among other things, on 
the temperature, the surrounding medium, and the dimen- 
sions and material of the resistance element; for a com- 
monly used carbon transmitter at ordinary operating 
conditions its value is about 1.3X10-". In the carbon 
microphone the spontaneous voltage fluctuations and the 
signal due to acoustic modulation are affected in almost an 
equivalent manner by the applied d.c. voltage which sug- 
gests that the two effects arise from the same type of 
mechanism, namely, a fluctuating resistance at the points 
of contact between granules. The spontaneous resistance 
fluctuations are random, unlike the resistance modulation 
produced by the acoustic signal which is in phase at all 
contacts. 


26. Spontaneous Resistance Fluctuations and the Na- 
ture of a Microphonic Carbon Contact. C. J. CHRISTENSEN 
AND G. L. Pearson, Bell Telephone Laboratories, Inc.—A 
partial explanation of the experimental results outlined in 
the previous abstract (Pearson and Christensen) is possible 
when we assume carbon granular surfaces with a fine 
grained roughness such as demonstrated from elastic 
measurements and other considerations.! Goucher showed 
that this roughness is equivalent to a layer of small hemi- 
spherical hills distributed in height according to the func- 
tion N,=const. X", and that electrical conduction is 


primarily between hills in intimate contact, which conduc- 
tion, we have reason to believe, does not contribute to the 
resistance fluctuations. If we further assume a fluctuating 
secondary conduction in the regions adjacent to each area 
of intimate contact then calculation shows that V2=const. 
R@n+#/@n+8) Comparing this with the empirical equation 
we find »=0.5. From elastic measurements it was found 
that n=0.6, a satisfactory agreement. Assuming that the 
secondary conductance is due to thermal agitation of the 
particle surface, causing minute momentary electrical con- 
tacts, we derive the observed frequency characteristic and 
show that V2 should vary as the square root of temperature. 
It has not been possible to make satisfactory temperature 
experiments but the observed results are not inconsistent 
with this relationship. 


1F. S. Goucher, J. Frank. Inst. 217, 407 (1934). 


27. Piezoelectric Ultramicrometer. J. C. HuBBARD, The 
Johns Hopkins University—An electrical circuit with a 
piezoelectric quartz plate connected as in the well-known 
work of W. G. Cady and of D. W. Dye in their studies of 
the piezoelectric resonator, gives a response curve of 
current vs. frequency cleft by a deep cut, or crevasse, at the 
response frequency of the plate. The extraordinary steep- 
ness of the sides of the crevasse is due to the very small 
decrement of the quartz resonator as compared with that 
of ordinary circuits. At an exciting frequency corresponding 
to a point of steepest slope of the crevasse the system is 
sensitive to a change of exciting frequency in general much 
smaller than can be detected by usual beat-tone methods, 
as by R. Whiddington with the ultramicrometer. A number 
of applications of this sensitivity to frequency variation 
suggest themselves, perhaps the most interesting applying 
to measurement of small displacements of an ultramicrom- 
eter plate in the exciting circuit. Displacements of 10-* cm 
have been measured to a few percent, the accuracy depend- 
ing upon the absence of mechanical disturbances. By suit- 
able mechanical insulation it is expected that one order 
less in magnitude of displacement may be measured. 


28. The Measurement of Dielectric Constants at Ultra- 
High Frequencies. Rono_p KinG, Lafayette College-—A 
new parallel-wire method for the measurement of dielectric 
constants of solids and liquids at ultra-high frequencies has 
been developed. It depends upon the solution of the 
telegraphist’s equations for a parallel wire system of which 
a part passes through the medium of unknown dielectric 
constant e. By comparing the input admittance of a section 
of parallel wires in air with a similar section of which a part 
is in air and a part in the medium to be tested, a useful and 
simple expression involving e has been derived. The experi- 
mental procedure is simple and accurate. For a suitably 
shaped sample it is merely necessary to observe the shift in 
the position of a bridge with and without the sample in 
place. Only a relatively small sample is required. Up to the 
present the method has been tested by determining the 
temperature coefficient of the index of refraction of water, 
the dielectric constants of solutions of ethyl alcohol in 
water, and the dielectric constant of rubber. These measure- 


ments were made at a wave-length of 188.8 cm. Other 
measurements are in progress. The method would seem 
especially well suited to measurements in the wave-length 
range from five meters down to a few centimeters. Mathe- 
matically and experimentally the method is also readily 
specialized to permit the measurement of reactances of coils 
or condensers in the range from several thousand ohms to 
infinity. It thus supplements other methods already 
outlined.! 


1 Proc. I.R.E. 23, 913 (1935). 


29. The Production of Short Electrical Pulses. R. C. 
CoLwELL, A. W. FRIEND AnD N. I. Hatt, West Virginia 
University.—In the exploration of the ionosphere, the pulse 
delay method of Breit and Tuve has given results of very 
great value. We have tried to improve the shortness and 
sharpness of the pulses by various devices which will be 
described: (1) The mechanical chopper; (2) the cam and 
breaker contact; (3) the interrupted conducting fluid; (4) 
synchronous motor with telephone magnets; (5) resistance 
“‘motorboating’’; (6) the resistor-condenser combination. 


30. The Rochester Cyclotron. L. A. DuBRIDGE AND 
S. W. Barnes, University of Rochester—A magnetic 
resonance accelerator designed to produce 6 MV protons 
is nearing completion. The 17-ton magnet, now installed, 
was designed to produce a field of 20,000 gauss with pole 
faces 20 inches in diameter. In designing the magnetic 
circuit we were guided by the theoretical calculations of 
Bethe and by preliminary tests on a model built to a 3/16 
scale. The yoke is built of 4 Armco iron forgings 12 inches 
by 26 inches in cross section. The pole pieces, also of 
Armco, are 26 inches in diameter tapered at 45 degrees toa 
20 inch diameter; or the full 26 inch diameter can be used. 
Experiments with the model showed that a field of 20,000 
gauss in a 3-inch air gap could be obtained with 240,000 
ampere-turns excitation. The two exciting coils of 1200 
turns each are wound of copper strip with intermediate 
layers of square copper tubing for water cooling. The 
exciting current will be controlled through the field of a 
50 kw motor-generator set. Tests indicated that the area of 
the uniform field region could be considerably increased by 
shaping the pole faces so that the air gap is thicker in the 
middle than at the edges. The best form of pole face has 
been determined empirically and it seems probable that 
this shaping will materially decrease the amount of 
“shimming”’ required to secure resonance. The vacuum 
chamber follows closely the design of Lawrence and 
Livingston. High frequency power will be supplied by a 
20 kw oscillator using commercial tubes. 


31. The Design and Performance of the Round Hill 
Electrostatic Generator. L.C. Van Atta, D. L. NorTHRUP, 
C. M. Van Atta, AND R. J. VAN DE GraarF, Massachusetts 
Institute of Technology.—The design of belt charging systems 
and the technique of voltage measurement are discussed. 
Performance data for the Round Hill electrostatic gener- 
ator are presented. The original belt charging system, with 
the belts operated at saturation charge density, is described 
and its range of usefulness is indicated. A consideration of 
the problems of voltage control and voltage steadiness at 
reduced charging currents leads to two modified designs of 
the belt charging system. The measurement of voltage by 
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means of the generating voltmeter is discussed with 
special emphasis on the precautions necessary to eliminate 
or to correct for sources of systematic error. Under the 
conditions realizable with the Round Hill generator the 
probable error in voltage measurements is less than 1 
percent on a relative scale and about 2 percent on an 
absolute scale. The magnitude of voltage fluctuations is 
less than 0.1 percent. The generator performance data for 
the positive and negative terminals are given in graphical 
form. The maximum charging current is 2.1 ma and is 
practically independent of voltage. The highest voltage 
obtained consistently without sparking is 2.4 megavolts 
positive and 2.7 megavolts negative, giving 5.1 megavolts 
between the terminals. At this voltage there is 1.1 ma of 
current available for application to an accelerating tube. 


32. Modified Design of the Linear Accelerator for High 
Intensities. LLoyp P. SMITH AND PauL L. HARTMAN, 
Cornell University —A mathematical analysis of the action 
of the linear accelerator in producing high voltage ion beams 
has been made in order to determine the number and 
velocity distribution of ions in the beam after n accelera- 
tions. The analysis indicates how to modify the usual design 
so that a nearly homogeneous ion beam of considerably 
greater intensity could be produced. The questions of 
focusing and the separation of ions of different mass have 
been considered. 


33. Six Million Volt Magnetic Resonance Accelerator 
with Emergent Beam. DoNALD CooOKSEY AND ERNEsT O. 
LAWRENCE, University of California.—Changes have been 
made in the design of the Berkeley magnetic resonance 
accelerator, in order to bring the ion beam out of the 
accelerating chamber and the magnetic field. A six million 
volt beam of several microamperes, thus brought out into 
the air, produces a column of bright luminosity 28 cm 
long. 


34. The Scattering of Protons by Protons. M. A. Tuve, 
N. P. HEYDENBURG AND L. R. Harstap, Department of 
Terrestrial Magnetism, Carnegie Institution of Washington. 


—Observations described in a recent letter to the Physical 
Review under the same title will be discussed, together with 
refined and extended measurements now in progress. 


35. Interaction Between Protons as Indicated by Scat- 
tering Experiments. G. BrEeIT AND E. U. Conpon, Institute 
for Advanced Study and Princeton University.—A pre- 
liminary analysis of experiments by Tuve, Heydenburg 
and Hafstad indicates an interaction between protons of 
nearly the same magnitude as that obtained from mass 
defects by Bethe, Feenberg and Young. The potential 
between protons in a 4S state is 10 or 20 percent less than 
that between a proton and a neutron in a similar state. 
With only the phase shift for L=0 the variation of the 
_ scattering anomaly with energy is not accounted for by a 
simple short range potential and requires either a stable 
He? or a special combination of attractive and repulsive 
regions. With phase shifts for L=0, 1, 2 the data can be 
accounted for approximately without these assumptions; 
on this view the interaction energy is allowed to extend to 
10-" cm or more and is made equal in that region to an 
appreciable but small fraction of the Coulombian energy. 
Attractions for L=0, 2 and repulsions for L=1 appear to 
fit the data better on the whole than other possibilities, 
The interpretation is sensitive to errors in the angular 
distribution. 


36. Widths of Nuclear Resonance-Levels and the Cali- 
bration of Ion-Beam Energies. L. R. Harstap, N. P. 
HEYDENBURG AND M. A. Tuve, Department of Terrestrial 
Magnetism, Carnegie Institution of Washington.—The 
development of a corona-free, 10,000-megohm voltmeter- 
resistor has brought the accuracy of our voltage-measure- 
ments to approximately two percent on an absolute scale 
and to about one percent on a relative scale, Oscillograph- 
studies of voltage-fluctuations have shown that up to 
1000 kv the voltage is constant to +1.4 percent “peak- 
ripple” (fluctuation half-width 1.0 percent). The resultant 
homogeneity of our ion-beam permits us to conclude that 
the observed width of the 440-kv Li resonance is greater 
by about 11 kv than can be accounted for by voltage- 
fluctuation. Similar though less precise observations have 
been made on the fluorine resonances giving the following 
as points available for the calibration of ion-beams of 
unknown energy or distribution. 


VOLTAGE IN kv ELEMENT HALF-WipTH 


F 

Li 

F 

F 
While no sharp resonances are available at present for the 
region between 440 and 892 kv, there is an indication of a 
weak multiplet structure in fluorine in the region between 
500 and 700 kv, with a broad but fairly prominent “‘reso- 
nance” at 650 to 700 kv. 
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37. The Paschen-Back Effect of Hyperfine Structure. 
III. Separation of Hgiy. J. B. GREEN, Ohio State University. 
—It has been possible, bya judicious choice of field strength, 
to separate the magnetic components due to the 199 iso- 
tope of mercury. Five lines have been studied, \\ 3175 
(@P; *D2), 5790 'Dz), 5461, 4358, 4047 (§P 3S). A 
practically complete Paschen-Back effect is observed, each 
ordinary Zeeman component being accompanied by two 
satellites due to the nuclear spin i=} of Hgiss. There is 
excellent agreement between theory and experiment, even 
to the slight asymmetries observed. 


38. The Zeeman Effect in NII. H. N. MAXWELL AND 
J. B. Green, Ohio State University —The Zeeman effect 
in N II has been observed and is in excellent agreement 
with the classifications assigned by Fowler and Freman. 
The nitrogen was present as a 4 percent impurity in a 3 cm 
helium atmosphere and the spectrum was excited probably 
by collisions of the second kind in an arc between gold 
electrodes, in a magnetic field of about 35,000 gauss. 


39. An Estimation of the Atomic Weights of Lithium, 
Potassium and Rubidium from Isotope Abundance Meas- 
urements. A. KEITH BREWER, Bureau of Chemistry and 
Soils, U. S. Department of Agriculture, Washington, D. C.— 
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The abundance ratios of the isotopes of lithium, potas- 
sium and rubidium have been estimated from positive 
thermions emitted from platinum disks impregnated with 
the alkali in question. The ratios so obtained are Li’/Li® 
=11.60+0.06, K*/K*=14.20+0.003, and Rb**/Rb*? 
=2.59+0.01. These values are necessarily complicated by 
a possible isotope effect of free evaporation. The extent 
to which the positive ion currents represent the atom 
abundance within the source was determined by measur- 
ing the change in the abundance ratio as a function of the 
percent of alkali evaporated. Lithium obeyed the law 
for free evaporation until the source was 40 percent de- 
pleted; potassium and rubidium showed no appreciable 
isotope effect. In the two latter cases, therefore, the positive 
ion ratios represent the true abundance ratio; in the case 
of lithium, however, the positive ion ratio must be multi- 
plied by (7/6)!, to obtain the atom ratio within the source 
(11.60 x (7/6)4=12.52). The atomic weights computed 
from the above abundance ratios, assuming the most 
probable values for the packing fractions, are Li=6.939, 
K = 39.094, and Rb =85.46. 


40. The Nuclear Spin and Magnetic Moment of K*'. 
J. H. Maney, Columbia University.—The spin of the K*! 
nucleus and the h.f.s. separation of the Sy normal state 


have been measured by the method of zero moments. 
The high resolution necessary to secure sufficient separa- 
tion of the two isotopes was obtained by passing a beam 
of neutral potassium atoms through a weak inhomogeneous 
magnetic field 153 cm long. The total beam length was 201 
cm. A new method of analysis of the zero moment peak of 
K" relative to that of K*® was employed in the determina- 
tion of the spin. The spin was found to be 3/2 and the 
h.f.s. separation to be 0.554+0.2 percent of that of K*’. 
The same ratio applies to the magnetic moments, hence 
this ratio and the values for K*® given by Fox and Rabi! 
yield 
Av(K*) = 0.00853 +0.0001 
u(K*!) =0.220 nuclear Bohr magnetons. 


From the intensities of the K*! and K* peaks it is possible 
to give the abundance ratio, K**/K*!, as 13.7+0.5 which 
is in fair agreement with 13.88+0.4 given by Brewer and 
Kueck,? and the ratio 13.96+0.1 found by Nier.* 

1M. Fox and I. I. Rabi, Phys. Rev. 48, 746 (1935). 

2? Brewer and Kueck, Phys. Rev. 46, se). (1934). 

3A. O. Nier, Phys. Rev. 48, 283 (193 

41. Nuclear Spins and Magnetic Moments of Rb* and 
S. MILLMAN AND M. Fox, Columbia University — 
The atomic beam method of ‘zero moments’ has been 
applied to the measurement of the nuclear spins and h.f.s. 
separations, Av, of the 2S; states of Rb** and Rb*’. We 
find the spin of Rb** to be 5/2 and that of Rb*’ to be 3/2, 
in agreement with the most probable values given by 
Kopfermann.! With the value of Av for sodium as a stand- 
ard we were able to measure the Av’s of the rubidium iso- 
topes with a precision of 1 percent, the same as that given 
for the sodium measurement.? We find these values to be 
0.1018 cm for Rb® and 0.229 cm™ for Rb*’, as compared 
with Kopfermann’s values of 0.105 cm™ and 0.240 cm“, 
respectively. The magnetic moments calculated from the 
modified Goudsmit formula are 1.44 nuclear magnetons 
for Rb* and 2.92 for Rb*’. The ratio of these magnetic 
moments, u*7/u**, is found to be 2.026, with a precision of 
0.2 percent. The Av for Cs was also measured with a pre- 
cision of 1 percent. The result, 0.307 cm™, is in excellent 
agreement with the value of 0.3067 cm™ of Granath and 
Stranathan.? 


1 Kopfermann, Zeits. f. Physik 83, 417 os =. 
2 Fox and Rabi, Phys. Rev. 48, 746 (1935). 
3 Granath and Stranathan, Phys. Rev. 48, 725 (1935). 


42. The Magnetic Moment of Li’. J. H. BARTLETT, JR., 
AND J. J. GispBons, JR., University of Illinois —The recent 
measurement by Fox and Rabi! of the h.f.s. separation of 
normal lithium makes possible the calculation of values of 
the nuclear magnetic moment. Fock and Petrashen*? have 
found a self-consistent wave function, and calculation with 
this results in a value of 4.58 nuclear magnetons for the 
magnetic moment. This is to be compared with the value 
3.28 n.m. as found by Breit and Doermann? on the basis 
of h.f.s. measurements in the spectrum of Li*. The func- 
tions of Fock and Petrashen might be supposed to be less 
accurate than functions calculated by a variational method 
and involving the interelectronic distances. An investiga- 
tion of this is being made. 


1 Phys. Rev. 48, 746 (1935) 
2 Physik. Zeits. Sowjetunion 8, 547 (1935). 
3 Phys. Rev. 36, 1262 (1930). 


43. The Magnetic Moment of the Deuteron. J. M. B. 
KELLOGG AND I. I. Rasi, Columbia University, J. R. 
ZACHARIAS, Hunter College of the City of New York.—Under 
the title of “Deflection and Focussing of a Beam of Hydro- 
gen Atoms’’ we reported at the Baltimore meeting a 
method by which it is possible to measure the h.f.s. 
separation of the normal state of hydrogen. We have ap- 
plied this method to the deuteron and find the h.f.s. 
separation to be 0.0108 cm™. From this value we calculate 
the deuterium moment to be 0.85+0.03 nuclear magneton. 
This value coincides very closely with the value of the 
magnetic moment of the Li® nucleus calculated from the 
measurements of Fox and Rabi under the assumption that 
its spin is 1. We wish to acknowledge the aid of a grant from 
the Carnegie Foundation in support of this research. 


44. Hyperfine Structure and Nuclear Moment of 
Barium. ALBIN BENSON AND R. A. Sawyer, University of 
Michigan.—In recent compilations of nuclear moments, 
White gives for the odd isotopes of barium 5/2?, while 
Darrow gives 5/2, and Schiiler 3/2. Schiiler refers to his 
unpublished analysis of the data of Ritschl and Sawyer on 
the resonance lines of Ba II; the other values are probably 
based on the intensity measurements of Kruger, Gibbs and 
Williams on the h.f.s. of Ba II 6s2S;—6p?P;. The only 
other work is an intensity study by Murakawa of the h.f.s. 
of Ba II 6s 2S;—6p who concludes 1=3/2. The conflict 
arises from the fact that the even isotopes of barium (136, 
136) with no nuclear moment make up 83 percent of the 
total and so give in each h.f.s. pattern a powerful central 
component superimposed on the h.f.s. of the odd isotopes 
(135, 137), which have a moment, so the h.f.s. patterns 
can never be completely observed. In a study of new 
experimental material on the h.f.s. of both Ba I and Ba II 
lines as well as of the previously published material, use 
has been made of the interval rules and of the centroids of 
the h.f.s. patterns. Several independent evaluations of the 
nuclear moments of the odd isotopes can be made and the 
evidence shows quite conclusively that for Baiss,1s7 #=3/2. 


45. Surface Ionization of Barium on Tungsten. ALBERT 
N. Guturie, Columbia University —A molecular beam of 
barium is formed by heating the metal in a nickel oven toa 
temperature near 1000°K. Alkali metal atoms present are 
deflected out of the beam by passage through a strong 
inhomogeneous magnetic field. The beam then strikes a 
tungsten filament and the positive ion current produced by 
surface ionization of the barium on the tungsten is meas- 
ured. At a filament temperature near 1700°K the current 
becomes detectable and increases with increasing filament 
temperature up to 2000°K. From this temperature up to 
2600°K, the highest temperature at which measurements 
have been made, the current remains constant. Filaments 
are given a prolonged heating at 2800 to 2900°K before 
measurements are made. By calculating the intensity of 
the beam from the oven temperature and the dimensions 
of the apparatus, an estimate of the ionization efficiency is 
obtained. It is of the order of 100 percent in the range of 
filament temperatures 2000 to 2600°K. 
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Paper No. 48 will be read by title. 


46. Direct Partition of Energy Metabolism by Differen- 
tial Calorimetry. A. P. GAGGE, John B. Pierce Foundation 
and Yale University—A new experimental arrangement, 
whereby the energy exchange due to radiation and con- 
vection with the environment may be differentiated, is 
described; the subject, at rest, is placed inside a nine-sided 
booth of polished copper whose effective black-body wall 
temperature is controlled by the reflected radiation from 
three electric heaters and whose air temperature and 
humidity are controlled by air-conditioning equipment. 
The wall temperature (1), the air temperature (2), and the 
body skin temperature (3) (as measured by a thermopile) 
are sufficient to describe the radiation and convection 
exchange for constant air movement. The partition ele- 
ments, metabolism, storage, and evaporation, are assumed 
to be measured by O2-consumption (4), rate of change of 
rectal temperature (5), and rate of weight loss (6), re- 
spectively. By the application of the first law of thermo- 
dynamics to the five elements of partition it is shown that a 
linear relationship exists between certain groups of these 
basic measurements only when the above assumptions 
hold. Where this ‘linearity criterion”’ is satisfied a partition 
of energy metabolism into storage, evaporation loss, total 
radiation (including radiation surface area) and convection 
may be evaluated directly from the six basic measurements 
above. Formulae for the convection are given to extend 
partitions to conditions where the criterion fails. 


47. The Response of the Skin to Radiation. J. D. HARDY 
AND T. W. OppEL, Russell Sage Institute of Pathology in 
A ffiliation with the New York Hospital, New York.—The 
response of the white human skin to the heating effects 
of visible light (0.44 to 0.8u), near infrared light (0.8 to 
2.54), and far infrared radiation (34) has been studied. 
It has been found that the smallest amount of visible 
radiation which can be perceived as heat by the face is 
0.0014 gram cal. per sec. per cm?; of near infrared 0.00096; 
and of far infrared 0.00063. The rise in skin temperature 
caused by these radiations is practically the same and is at 
the rate of 0.001°C per second. The sensitivity of the skin 
to radiation is found to be related to the area of skin 
exposed in a very definite way but for areas larger than 
200 cm? very little increase in absolute sensitivity is 
obtained. The minimum amount of radiation required for 
the stimulation of the heat sense is 0.00033 gram cal. per 
sec. per cm?; the skin temperature rise thus caused is 
0.0005°C per second. 


48. The Extreme Ultraviolet Spectrum of the D, Mole- 
cule.* C. R. JEPPESEN, The Johns Hopkins University.— 
The emission spectrum of the D,. molecule has been 
photographed in the extreme ultraviolet region by use of a 


grazing incidence vacuum spectrograph with 2-meter 
grating. In the 2p'2—1s'Z system 37 bands have been 
analyzed. In the 2p'II—1s'!Z system 29 bands were 
obtained. Values of the important molecular constants in 
cm units for the three electronic states involved are as 
given in the table. Electronic shifts (TJ, for De— 7, for He) 


1s! 2p'z 


10.186 
9.994 
0.35092 
963.5 
21.96 
91698.4 


30.429 


1.0492 
3118.8 
128.3 
0 


of 4 cm! and 23 cm~ are observed for the 2p '2—1s and 
2p 1s systems, respectively. 


* To be read by title. 


49. Infrared Dispersion of Chloroform and Bromoform. 
M. A. Pitrman, The Johns Hopkins University. (Introduced 
by A. H. Pfund.)—Dispersion of HCCl; and CHBr; has 
been studied from visible light to about 124. The apparatus 
used consisted of a rocksalt monochromator and a hollow 
rocksalt prism spectrometer. Particular attention was paid 
to the C-H vibrations and their harmonics and it is hoped 
that the relationship between these harmonics and ‘‘trans- 
miton probabilities’ can be shown. Of special interest is 
that the dispersion of these liquids was measured directly 
through the principal absorption bands near 8u where it is 
greater than for visible light. This direct measurement was 
made possible by means of a highly amplified Photronic 
cell system. The new Pfund design ‘‘vibration-free” 
support was of vital importance in this work. 


50. Infrared Absorption Spectra of Aqueous Solutions of 
Acetic Acid and Its Chlorine Derivatives. E. K. PLYLER 
AND E. S. Barr, University of North Carolina.—The 
infrared absorption spectra of aqueous solutions of acetic 
acid, monochloroacetic acid, and trichloroacetic acid have 
been measured from 2.8u to 6.5u. In the region from 4.5y to 
6.0u intense absorption was observed. In the acetic acid 
solution the maximum of absorption was at 5.75 and in the 
trichloroacetic acid solution the band occurred at 5.4u. 
This change in position of the band was attributed to the 
greater dissociation present in the trichloroacetic acid 
solution. With the same cell thickness, absorption curves 
were obtained for 8 concentrations ranging from 1/4N to 
8N. The coefficient of absorption was not proportional to 
the concentration for different concentrations, which 
shows that the number of absorbers present in the solution 
was not directly proportional to the concentration. The 
percent dissociation for each concentration has been 
calculated by using the intensity of the band. 


2p 
15.665 
Bez 15.857 
ae 0.5739 
AGe 1736.2 
2X ewe 78.215 
Te 100092. 1 
15 


51. Infrared Absorption Spectrum of Liquid Water. 
DupLey University of North Carolina.—A 
detailed study has been made of the absorption spectrum 
of liquid water in the region between 4u and 10u. Bands 
have been discovered at 6.8u and near 8.6u. These bands do 
not fall readily into any of the early classifications of the 
bands of liquid water. However, it has been pointed out by 
Cartwright that there are bands at 20u and 60u which 
arise from hindered rotation and mutual vibration, 
respectively. By considering the combinations which may 
be formed between these frequencies and the fundamental 
vibrational frequency, it is found that the frequencies of 
the two observed bands check satisfactorily with the 
calculated values. Also, there are two bands on the high 
frequency side of the 6u fundamental with frequencies in 
close agreement with calculated combinations. In the 3u 
region the absorption is so intense that not all of the 


separate maxima have been well resolved. However, the 
bands which have been observed agree satisfactorily with 
the above classification. 


52. The Infrared Absorption Spectrum of Deuterium- 
Containing Stearic Acid. W. W. CoBLENTZ AND R. STAIR, 
National Bureau of Standards.—lIt is of interest to compare 
the infrared absorption spectrum of deuterium-containing 
stearic acid, 6-7—-9-10 d, with that of stearic acid, CisH O02 
previously examined.! The sample containing deuterium 
was kindly supplied by Dr. Rudolf Schoenheimer.? Ex- 
amined to 9 with a mirror spectrometer and fluorite prism 
the material shows a strong absorption band at about 
4.65u not present in stearic acid. Other strong absorption 
bands, found in both substances, occur at 2.4, 3.43, 3.8, 5.9, 
6.86, 7.1, 7.7, 8.2, and 8.4u. 


1 Pub. No. 35, Carnegie Institution of Washington, 1905. 
2 J. Biol. Chem. 111, 163 (1935). 
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53. Applied Electron Optics. V. K. ZworyKxin, RCA 
Manufacturing Co., Victor Division, Camden, New Jersey.— 
(45 minutes.) The application of electron optics to the 
problem of image formation is discussed. Electrostatic 
lenses may be used for this purpose, but suffer from 
aberration and distortion similar to that existing in simple 
optical systems. The causes of these faults are considered 
and various means of correcting the ‘‘lenses” are given. 
The corrected ‘‘electron lens” may be used in an image 
tube which is capable of giving a faithful reproduction of 
an image projected onto its photosensitive cathode. The 
performance of this type of tube is illustrated. Other 
applications of electron optics are also considered. 


54. Hyperfrequency Transmission Through Wave 
Guides. G. C. SoutHwortn, Bell Telephone Laboratories, 
Inc.—(45 minutes.) This paper will be a nonmathematical 
description of a novel form of electric wave propagation 
through dielectric rods or through metal pipes either 
hollow or filled with insulation. Quantitative data based on 
calculation but verified by experiment will be presented 
and discussed. The data will relate to four of the many 
possible forms of waves that may be propagated. Extremely 
short wave generators and receivers of a very elementary 
character but utilizing some of the properties of wave 
guides will be described along with some of the methods of 


measurement. 
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55. Energies of Selectively Absorbed Neutron Groups. 
F. Rasetti, G. A. Fink, H. H. GotpsmitH anp D. P. 
MITCHELL, Columbia University—Since resonance capture 
of neutrons by light nuclei, e.g., boron and lithium, is 
improbable, the capture cross section for slow neutrons 
should be inversely proportional to the neutron velocity, 
and therefore the relative velocities of neutron groups may 


be estimated from their absorption coefficients in boron, as 
by Weekes, Livingston and Bethe.! The expected value of 
1/40 ev for the mean energy of the thermal neutron group 
(C) has been verified by use of a mechanical velocity 
selector.? The measured absorption coefficients in boron and 
the corresponding relative velocities for the various neutron 
groups are shown in the table, the reliability of the measure- 


16 


= 
4 
a 
a 


FERMI- 

AMALDI 
NEUTRON DE- 

GROUP TECTOR 


Mass 
FILTER Ass. Coerr. V/V¢ 


Cc none 34 
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0.4g/cm Cd 7.0 

3.4 

0.45 
ments decreasing with lower absorption. Using the value of 
0.025 ev for the C group we obtain the energies given in the 
last column. Relative absorption coefficients for the C, D 
and A groups have also been measured in Li and the 
estimated energies are in agreement with those obtained 
from absorption in boron. 


1 Weekes, Livingston and Bethe, Phys. Rev. 49, 471 (1936). 
2 Phys. Rev. 48, 704 (1935). 


56. Evidence for Neutron-Proton Shells from Nuclear 
Masses. H. A. BETHE, Cornell University.—lIf the particles 
in a nucleus are considered to move independently in a 
suitable central field, periodicities analogous to the periodic 
system should be expected. The first shell of neutrons and 
protons is completed in the a-particle, the second in the 
O* nucleus. Therefore any particle added to the O" nucleus 
should be less strongly bound than the same particle added 
to an ‘‘analogous”’ nucleus, e.g., C!. This is actually the 
case; e.g., if two neutrons and one proton are added to C® 
(giving N"), the atomic weight increases by 15.0053 
— 12.0037 =3.0016. If the same particles are added to O" 
(result F!%), the increase in weight is 3.0040, i.e., 2.2 MV 
more than for C?—N®, This is the more significant in view 
of the general trend of the binding energy of nuclear par- 
ticles to increase with the size of the binding nucleus. Any 
conceivable experimental errors are such that their correc- 
tion could only make the experimental values more favor- 
able for our argument. The binding energies of other par- 
ticles and groups of particles added to C® and O* show the 
same phenomenon. There seems thus some justification for 
the individual-particle approximation in nuclear theory. 


57. Scattering of Fast Neutrons by Heavy Nuclei. 
CHARLES H. Fay, Harvard University—Van Vleck’s! ap- 
proximate treatment of s neutron scattering by heavy 
nuclei, considering neutron-proton forces of the Majorana 
exchange type, is extended to the higher partial cross 
sections, the effective potential hole being found the same 
for all angular momenta. For fast neutrons the scattering 
problem lies in the annoying region where the Born approx- 
imation is invalid and yet partial cross sections as high as 
the sixth are important. Exact calculation shows important 
variations of cross section with hole radius R and energy, so 
that the monotonic variation of cross section with atomic 
number found experimentally for fast neutrons by Dunning? 
can be fitted by this approximate theory only by taking 
into account the.distribution of neutron energies over a 
wide range in the experiment, and the fact that small-angle 
scattering is not measured. The existing data seem in- 
adequate to test the validity of the theory, and work using 
beams of sharply defined velocity is desirable and should 
give interesting results. Phases and cross sections/R? have 
been computed for a range of values of kR and of ko! R for 
use in future applications. 


1J. H. Van Vleck, Phys. Rev. 48, 367 (1935). 
2 J. R. Dunning, Phys. Rev. A45, 586 (1934). 


58. The Scattering and Capture of Neutrons by Protons. 
J. B. Fisk, P. M. Morse Anp L. I. Scuirr, Massachusetts 
Institute of Technology.—An exact solution for both nega- 
tive and positive energies has been obtained for the 
potential field 


—2D exp [2(r:—1r)/ro]+D exp 


When r,>0 the field is repulsive at small distances. The 
value of D is set so that the deuteron binding energy is 
4mc?, hence, the results depend only on the parameters ro 
and (2r;/ro) = Xo. The elastic cross section (/=0) for very 
slow neutrons is practically the same for Xo from 0 to 1, 
rising to a maximum of 610- cm? at ro>=3X10-" cm, 
dropping to zero at ro>=7 X10, and rising rapidly to very 
large values for larger ro. The /=1 cross section is negligible 
for but becomes important for for neutron 
energies about 100,000 volts. For instance, at r>=5X10-" 
cm the cross section shows a ‘‘Ramsauer effect”’ and a con- 
siderable dependence of scattering on angle. The capture 
cross section is expressed in terms of the inverse mean life, 
1/r, in paraffin. The fraction of this due to electric dipole 
radiation is negligible compared to that due to magnetic 
dipole for very slow neutrons. The quantity 1/7 shows the 
same general variation as the elastic cross section, having a 
first maximum of about 500 sec.—! at ro =3 X cm, and 
rising rapidly for 


59. Scattering of Slow Neutrons. ALttan C. G. 
MITCHELL, EpGAR J. MURPHY AND MARTIN D. WHITAKER, 
New York University, University Heights.—The work on the 
scattering of slow neutrons has been continued with a view 
to obtaining information about the scattering cross sections 
for the various groups. We have measured the scattering 
from Ag using an Ag detector when the neutrons had been 
filtered through sufficient Cd to cut out the C group. The 
scattering at 2 cm in this case is 16 percent, which compares 
to a maximum scattering of 8 percent for the unfiltered 
neutrons. The influence of various detectors has been 
further investigated by running full scattering curves using 
Cu as detector. As an example the scattering cross section 
for carbon using the detectors Ag, Rh, Cu has been found 
to be 3.2, 2.2, and 2.0 10- cm~, respectively. Similarly, 
the scattering cross section for Cu using Ag and Cu de- 
tectors is 7.7 and 9.0X10-* cm. Finally, using an ar- 
rangement like that of Moon and Tillman we have measured 
the temperature coefficient of the C and D neutrons using 
an In detector. The value of J9o for the C neutrons is 1.27 
while that for the D neutrons is 1.08. The latter figure is in 
agreement with the value for the D neutrons obtained by 
Rasetti and Fink using a Rh detector. 


60. The Diffusion of Slow Neutrons. D. S. BAyYLey, 
B. R. Curtis, E. R. GAERTTNER AND S. Goupsmit, Uni- 
versity of Michigan.—A radon beryllium source was placed 
at the center of a large cylindrical tank filled with water. A 
solid sphere of cadmium was suspended a distance away 
from the source and its influence on the distribution of the 
diffusing slow neutrons was measured by means of the 
activity induced in rhodium. It was found that the cad- 
mium sphere acts as a “‘sink”’ for the slow neutrons. Other 
elements also have the effect of lowering the density of the 


neutrons. Layers of silver, copper and carbon were placed 
against.one side and also against both sides of the rhodium 
foil and the decrease in induced activity was measured. 
Whereas thick layers of carbon had nearly no influence on 
the induced activity, thin layers of silver reduced it con- 
siderably, copper had an intermediate effect. An attempt 
was made to discover some temperature effect on the 
boundary between hot and cold blocks of paraffin, with 
rhodium as a detector. The effect, if present, is very small. 


61. Beta-Ray Spectra of Several Slow Neutron-Acti- 


vated Substances. E. R. GAERTTNER, J. J. TURIN AND . 


H. R. Crane, University of Michigan.—By means of a 200 
millicurie radon-beryllium source of neutrons we have been 
able to activate rhodium, silver, manganese, dysprosium 
and indium (2 periods) with sufficient intensity to obtain 
their beta ray spectra by the cloud chamber method. 
About 2500 photographs were taken, yielding about 4500 
measurable tracks in all. The plots of the energy distribu- 
tions were transformed into straight lines according to the 
Konopinski-Uhlenbeck formula and extrapolated to find 
the upper energy limits. This gave for silver (22-sec. period) 
2.8 MEV; rhodium (44-sec. period) 2.8 MEV; manganese 


(2.5-hour period) 2.8 MEV; indium (54-min. period) 
1.3 MEV; indium (13-sec. period) 3.2 MEV; dysprosium 
(2.5-hour period) 1.4 MEV, which are on the average about 
200 kv greater than the energy limit which would be 
estimated by inspection of the plot of energy against 
intensity. 


62. The Scattering of 8-Rays. J. A. Gray AnD A. G. 
Warp, Queens University—In 1931 (see Trans. Roy. Soc. 
Canada), one of us concluded that 8-rays were modified in 
the scattering process, this modification or loss of energy 
appearing to be greater the greater the angle of scattering 
and the smaller the atomic number of the scattering ma- 
terial. As a result, however, of experiments carried out by 
J. S. Marshall in this laboratory, in addition to those now 
to be reported, we have been led to the conclusion that 
when #-rays are scattered by nuclei, some of them are 


modified in the process, the percentage of modified rays © 


increasing with the angle of scattering and as the atomic 
number of the scattering material is diminished. During 
the course of our experiments we have had to determine 
the end point of the 6-ray spectrum of radium E. We find 
it to be near HR 5200. 


Paper No. 67 will be read by title. 


63. Portable Counter-Controlled Wilson Cloud Machine 
of New Design. Gorpon L. Locuer, Bartol Research 
Foundation of the Franklin Institute-—A semi-automatic 
cloud machine of rugged construction, light weight (76 lbs.; 
Dowmetal), and small power consumption (10 watts), 
initially designed for stratosphere balloon flights, has been 
developed for portable use. Actuating force is provided by 
a fixed partial vacuum that acts on an 8-inch sylphon 
bellows placed between the vacuum chamber and cloud 
chamber. The machine is thus independent of external 
pressure. No diaphragm or piston is used. Two baffles: a 
gauze and a perforated metal plate, completely remove 
turbulence from the cloud chamber. The apparatus is held 
compressed by a small electromagnet which acts centrally 
along the moving system; this allows quick release, as 
required for counter-controlled expansions. Cloud cham- 
bers of various forms can be used with the machine. The 
present chamber, which consists of a rectangular metal 
box (12 cm X13 cm X5 cm), with two parallel glass sides, 
makes possible the photography of the tracks with weak 
illumination. Stereo-pictures have been made on Eastman 
sound-recording positive film, at apertures as low as f: 18, 
with No. 10 Photoflash bulbs as the source of illumination. 
Expansions of 18.5 percent and 11.7 percent, with alcohol- 
air and alcohol-argon, respectively, give excellent tracks. 
An injector and wick system make possible the introduc- 
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tion and rapid distribution of controlled amounts of 
vapor-generating liquids into the chamber, even while in 
use. A variable delay circuit is provided for adjusting the 
interval between the expansion and the instant of illumina- 
tion. Pictures of beta-ray tracks in air and in argon, and 
some counter-controlled photographs of cosmic-ray bursts 
will be shown. 


64. Cloud Chamber Study of the Ionization Produced 
by Cosmic Rays in the Neighborhood of a Block of Lead. 
Epwin G. SCHNEIDER, Harvard University.—Since any 
geometric arrangement of Geiger counters is highly 
selective for a particular type of cosmic-ray phenomenon 
and an ionization chamber integrates all sources of ioniza- 
tion, random photographs taken with a cloud chamber give 
the most reliable picture of the relative occurrence of 
cosmic-ray phenomena in a piece of material. A cloud 
chamber containing a plate of lead 0.6X7X25 cm was 
placed between Helmholtz coils giving a field of 600 gauss. 
The magnetic field served to distinguish ionizing particles 
produced by radioactive contamination from cosmic-ray 
particles. In order to avoid secondary rays from material 
outside the chamber, the apparatus was placed in a build- 
ing having only a light wooden roof. Stereoscopic photo- 
graphs taken at random in time show that for N electrons 
with sufficient energy to pass through the lead there are 


| 


about N/2 electrons stopped by the lead, N/2 electrons 
created in the lead presumably by photons, N/10 electron 
pairs produced by photons and N/100 showers of a more 
complicated nature. About three-quarters of the electron 
pairs have total energies between 3 and 10 MEV. 


65. Shower Production and Absorption in Various Ma- 
terials. J. E. MorGan, Duke University. (Introduced by 
W. M. Nielsen.)—Shower production has been studied by 
means of G.M. counters on a series of elements, carbon, 
aluminum, copper, tin and lead. In addition to the non- 
linearity of increase in triple coincidences previously 
noted! the following additional results have been obtained: 
(1) With a producing material thickness of 0.58 cm lead 
equivalent the ratio of observed triple coincidences per 
unit time to observed double coincidences per unit time 
is a markedly increasing function of Z. (2) The departure 
from linearity (shower producing material thickness of 0.58 
and 0.29 cm lead equivalent) in the increase in counting 
rate for triples is a markedly increasing function of Z. 
(3) With a producing material thickness of 0.58 cm lead 
equivalent the increased counting rate for doubles per 
atom of producing material varies as a power of Z slightly 
less than two. (4) Direct determination of absorption 
coefficients with various experimental arrangements indi- 
cates that the penetrating power of the shower particles 
varies considerably with the solid angle included in the 
measurements. The more penetrating showers are ob- 
served most frequently in the vicinity of the vertical 
direction. 

1J. E. Morgan and W. M. Nielsen, Phys. Rev. 48, 773 (1935). 


66. New High Altitude Measurements on Cosmic-Ray 
Intensities. R. A. MILLIKAN, H. V. NEHER AND S. KorFF, 
California Institute of Technology—Airplane measure- 
ments on cosmic-ray intensities to altitudes up to more 
than 26,000 feet have been made both in South America 
and in Asia, with results which show close agreement on 
the two sides of the earth, the apparent absorption coeffi- 
cient in both localities being only slightly different from 
its value in the temperate latitudes. These results remove 
one of the chief arguments that has in the past been ad- 
vanced for the great predominance of the corpuscular 
component of the incoming cosmic rays. 


67. The Influence of Optical Excitation Energy on 
Transitions Involving the 2*P, Level of Mercury.* G. A. 
RossELot, The Ohio State University.t—Mercury vapor, 
with admixed purified nitrogen, at room temperature was 
optically excited by the radiation from 2 water-cooled 
quartz mercury arcs and the optical excitation energy 
varied from maxinium to one-sixteenth maximum by means 
of neutral screens. Nitrogen pressures up to 720 mm Hg 
were used. The intensity, J, of the ‘‘forbidden line’”’ 2656.6 
was found to vary with the excitation energy, E, approxi- 
mately according to the equation, log J=kE for all 
pressures of Ne. Emission of 2656.6 was greatest at pres- 
sures of 300 mm, falling off gradually to about 65 percent 
of the maximum at 720 mm. Absorption of 2967 rose 
rapidly to a maximum at a nitrogen pressure of 100 mm, 
falling off to less than half-maximum at 720 mm. Absorp- 


tion of 4047 showed a similar curve with its maximum at 
much lower pressure. The ratio of emission from 2°P, to 
the number of metastable atoms as calculated from the 
absorption of 2967 rises sharply up to 250 mm pressure 
with a slower uniform rate of increase up to 720 mm. A 
similar ratio involving the 4047 absorption gives a sharp 
increase in value up to 250 mm, with a uniform drop to 
about 20 percent maximum at 720 mm. A third ratio 
between the number of metastable atoms as evidenced, 
respectively, by the 2967 and 4047 absorptions gives a 
curve similar to the last above, but with its peak at 200 
mm pressure. The Hg2(2*P») band at 4800A increased 
sharply in intensity at low excitation energies, but slowly 
after approximately 1/4 the full optical excitation energy 
had been reached. The manner of increase was inde- 
pendent of the nitrogen pressure. The intensity of the 
bands was nearly proportional to the nitrogen pressure 
for a given energy of excitation. 


* To be read by title. 
+ Now at the Georgia School of Technology. 


68. Isotope Abundance and Atomic Weight of Lead from 
Hyperfine Structure. Joun L. Rose anp R. K. STRANA- 
THAN, New York University, University Heights —The 
relative abundance of the isotopes of lead was determined 
from intensity measurements of the hyperfine structure 
components of the lead spark line \5372. With eleven 
calibrated wire screens a single order of the Fabry-Perot 
interference pattern was photographed with the same 
exposure time for each screen. The following results from 
densitometer measurements were obtained for the percent- 
age abundance of the isotopes of ordinary lead: 51.5, 26.3, 
21.3, and 0.8 for Pb?®, Pb?°7, and Pb?%, respectively. 
The mean mass number 207.22, calculated from the above 
figures on the assumption that the masses of the isotopes 
are integral, agrees very well with the international chem- 
ical atomic weight 207.22. Because of the interest in the 
atomic constitution of the isotopes of radiogenic leads 
in the determination of geologic time and the origin of 
actinium, leads from various radioactive deposits were 
investigated. These results will be reported. 


69. Intensity Measurements in the Arc Spectrum of 
Copper. HAaro_p T. Smytu, Massachusetts Institute of 
Technology.—By means of photographic photometry in- 
tensity measurements were made on a number of Cu I lines 
in the region 3100A-3700A. The light source was an arc 
run at different current strengths between pure copper 
electrodes and between electrodes of alloys containing 
different proportions of copper in order to enable reversal 
effects to be studied. The lines measured belong to the 
doublet-quartet spectrum of copper and consist mostly of 
transitions from negative terms to a‘P, a‘D, a‘F and 
m?D using Shenstone’s notation. The spectrograms were 
taken with a normal incidence 15,000 line per inch 21-foot 
concave grating used with a cylindrical lens between the 
slit and the grating. It was found that at the point where 
the locus of the vertical focus (a hyperbola) intersects the 
locus of the horizontal focus (the Rowland circle) a region 
of 1200-1500A along the Rowland circle was so nearly 
stigmatic that a rotating stepped sector disk in front 


of the slit could be used to imprint the calibration marks 
on the’ plate. A calibrated mercury arc was used for 
standardization. 


70. Wave-Lengths of the Spectrum of H:; from \\3612 
to 4224. Norton A. KENT, California Institute of Tech- 
nology and Boston University—The wave-lengths of 511 
lines are given. These were obtained from concave grating 
plates by using the secondary iron standards and tertiary 
H; interferometrically determined wave-lengths. A method 
is described by which the iron arc spectrum is photographed 
concomitantly with that of the hydrogen vacuum tube, 
thus securing greater accuracy. The plates were measured 
in a thermostatically controlled case. The average probable 
error of the means of the determinations is less than 0.002A 
and the results agree more closely with those of Gale, 
Monk and Lee! than of Finkelnburg.? 


1 Astrophys. J. 67, 89 (1928). 
2 Zeits. f. Physik, Nov. 16, 1928, p. 27. 


71. The Hyperfine Structure Interval Rule as a Means 
of Classifying Unidentified Spectrum Lines. H. E. Waite, 
University of California.—The value of Zeeman effect data 
as an aid to the classification of spectrum lines is well known 
to every spectroscopist. In many atomic spectra suitable 
Zeeman patterns will not be easily attainable. This is 
particularly true in complex spectra where the hyperfine 
structure is large. It is in just these cases that the hyper- 
fine structure itself, even though incompletely resolved, 
may be used to determine the J values of the levels 
involved. This method can be demonstrated by examples 
from various spectra, e.g., Co, La, Cb, and Mn, where both 
the J and J values are known for many of the stronger 
lines. In applying the method to the praseodymium spec- 
trum, where attempts at an analysis have as yet proved 
futile, the J values involved in many lines have been 
determined by means of the hyperfine structure patterns. 
By measuring the diagonal components of a pattern the F 
values have been determined with reasonable certainty. 
Knowing the nuclear spin to be J=5/2 the J value of the 
widely split level can be determined. These results will be a 
valuable aid in analyzing this extremely complex rare 
earth spectrum. In practically all of the lines studied in 
Co, La, and Pr the interval rule holds to within 2 or 3 
percent, which is the limit of experimental error. 


72. Deep Terms in Ti VI, V VII, Cr VIII and Mn IX. 
S. G. WEISSBERG AND P. GERALD KRruGER, University of 
Illinois —The deepest terms in the ions of the Cl I iso- 
electronic sequence are 3p52P°}4. The strong PP® multi- 
plet arising from transitions between the 3p‘ 4s ?P44 and the 
ground level has been identified in V VII, Cr VIII, and 
Mn IX, with the aid of constant second difference dis- 


placed frequency diagrams. The splitting in the ground 
level has been verified in Ti VI, V VII, Cr VIII and Mn IX 
by the identification of the transitions 3p5*P°; 4—3s3p* *S,. 
These more complete data have necessitated a revision of 
our previous identification in Mn IX.! Table I gives the 
PP® multiplets and Table II gives the ?P —?S lines. 


TABLE I. Radiated frequencies (PP°® multiplet). 


Int. 2P%2—2P so Int. Int. 2P%2—2Ps Int. 2P%2—2P1/2 


V VII (2) 612982 (5) 617902 (10) 620651 (3) 625586 
CrVIII (8) 739634 (3) 745757 (5) 749591 (10) 755687 
MnIX (0) 876993 (4) 884337 (5) 889568 (2) 896941 


TABLE II. Radiated frequencies (?P —*S). 


190800 
211504 
232175 
252715 


196620 
219161 
242131 
265291 


Ti VI 
V VII 
Cr VIII 
Mn IX 


1 Phys. Rev. 47, 798 (1935). 


73. Series Spectra in Mn VII and Fe VIII. P. Geratp 
KRUGER AND S. G. WEISSBERG, University of Illinois.— 
Lines in the extreme ultraviolet region involving the 
3d 7D, 4p *P, 5s 6s 2S and several nf ?F terms have been 
identified in the spectra of Mn VII and Fe VIII. These 
spectra have been photographed with a 21-foot grazing 
incidence vacuum spectrograph. Identification was facili- 
tated by the use of displaced frequency diagrams. The 
values of the 3d 2D 3 term and the corresponding ionization 
potentials are shown in Table I. 


TABLE I. Jontzation Potentials in the Isoelectronic Sequence 
K I-Co IX. 


2ND 
DiFr. 
(volts) 


ist DIFF. 
(volts) 


IONIZATION 
POTENTIAL 


3d 2D3/2 
(cm™~) 


Ion 
KI 13470.26 
Ca Il 82097.8 
Se III 199496 
TilIv 
VV 
Crvi 
Mn VII 
Fe VIII 
Co IX 


1.6618 
10.1280 
24.6109 
42.9845 


8.4662 
14.4899 
18.3736 
21.9065 


348433 
526006* 
(730940) 

962001 

1219360 
(1503000) 


64.891 
(90.17) 
118.677 
150.427 

(185.4) 


* Our estimate. 


Int. 
(10) 
(20) 
(7) 
6.024 
3.88 
3.53 
3.37 
25.279 
3.23 
28.507 
3.24 
31.750 
3.22 
34.97 
20 


FripaAy MorNING AT 9:30 o’CLOCK 


National Bureau of Standards 


Industrial Building, Room 301 


74. Absolute Resistivity of Na. E. PETERSON AND L. W. 
NorpHEIM, Purdue University.—The interaction of elec- 
tronic motion and heat vibrations of the ionic lattice 
(responsible for the resistivity of metals) cannot be formu- 
lated without ambiguity as a perturbation problem. This 
is illustrated by the fact that with the usual model of 
deformable ions! and the Wigner-Seitz eigenfunctions now 
available, a resistance for Na is obtained which is 5 to 6 
times the experimental value. By interpreting the transi- 
tions between progressing (exponential) electronic waves 
as beats between stationary (sin and cos) waves in a 
crystal deformed by a “frozen in’’ elastic wave, the 
problem can be attacked in a more direct way by calcu- 
lating the beat frequency as energy difference between 
those two stationary waves. lor Na the calculations can 
be carried out owing to its simple properties. The eigen- 
functions are formed of suitable combinations of s, p --- 
W.-S. functions in the different deformed elementary 
cells. A preliminary computation of the resistivity gave a 
result within 30 percent of the actual value. The domi- 
nating factor for the resistivity is found to be the change 
of volume of the ionic cells. The volume determines the 
normalization since, for reasons of self-consistency, the 
cells have to be neutral. From this it follows that a type 
of disorder which does not change the volume of the cells 
will not cause a resistance, thus confirming a supposition 
of Mott? about the resistivity of liquid metals. 

1A. Sommerfeld and H. Bethe, Handbuch der Physik, Vol. 24/2, 2nd 


ed., paragraph 34, 36. 
2N. F. Mott, Proc. Roy. Soc. Al46, 465 (1934). 


75. Simultaneity in the Compton Effect. Louis A. 
TURNER, Princeton University.—Shankland’s paper! raises 
interesting fundamental questions. Consideration of the 
probabilities involved, more detailed than in that paper 
or in the one of Bothe and Geiger,” leads to the following 
results. The probability that an observed number of co- 
incidences shall have occurred purely by chance is approx- 
imately exp (—n?), (for n >1), n being the ratio 
of the excess of observed coincidences above expected 
random ones to the square root of the latter (root mean 
square fluctuation). The existence of true coincidences is 
indicated by a large value of n. n becomes 


R.,and R-,; are, respectively, the natural rate of the electron 
counter and the increase in that rate attributable to 
source and scatterer. R,, and R,s are similar rates for the 
photon counter. R, is the rate of occurrence of true co- 
incidences. f= R,/R,;. t is the time of observation. 7 is the 
resolving time of the indicator of coincidences, suitably 
defined. The implications of the last factor would be 
fairly obvious by general considerations. (Necessity of 
large R,/Res, f, and ¢ and small r to get large n.) The first 


factors show that m is nearly independent of the strength 
of the source used, provided that Ren/Res<1 and Ron/Ros 
<i. 


1 Shankland, Phys. Rev. 49, 8 (1936). 
2 Bothe and Geiger, Zeits. f. Physik 32, 639 (1925). 


76. Relativity and Light Nuclei. Henry MARGENAU, 
Yale University.—The binding energies of light nuclei, as 
calculated with the use of neutron-proton interactions of 
various types (Wigner, Heisenberg, Majorana), appear as 
differences between large potential energies and slightly 
smaller kinetic energies of the particles involved. In the 
case of the deuteron, for example, if the range of the 
neutron-proton force is taken to be about 107% cm, the 
relative kinetic (zero-point) energy of the particles which 
is necessary to account for the observed binding energy 
corresponds to a relative speed greater than half the 
velocity of light. Thus arises the question as to the error 
committed in using a nonrelativistic wave equation. A 
relativistic formalism for the two-body problem does not 
exist; in particular, it is not permissible to use reduced 
masses. It seems probable, however, that the magnitude 
of the error may be correctly estimated by employing the 
simple relativistic Schrédinger equation, which takes ac- 
count only of the change in mass. The results of such a 
calculation are presented. For ranges around 21078 cm 
the “‘relativistic’’ depth of the potential well differs from 
the ordinary depth by only three percent, but for ranges 
of 10- cm, by more than ten percent. A “‘relativistic’’ 
calculation of the binding energy, based on the ordinary 
depth of the well (which is 10 percent too low), yields a 
result which may be in error by a factor 3. 


77. The Approximate Solution of Nuclear Three and 
Four-Body Problems. EUGENE FEENBERG AND SIMON S. 
SHARE, University of Wisconsin.—It is possible to compute 
the normal state eigenvalues of nuclear three and four-body 
problems with reasonable accuracy by solving suitably 
chosen separable wave equations. The potential function 
in the separable problem is determined by the conditions: 
(a) that it fits the actual physical potential as closely as 
possible when all the particles are close together and (b) 
has the same average value as the physical potential 
when averaged over a simple approximate wave function. 
Condition (a) can be satisfied without difficulty if the 
power series expansions of the potentials contain only 
even powers of the distances between the particles. The 
usual first and second order perturbation theory is ap- 
plicable when the effective range of the forces is sufficiently 
great and yields simple expressions for the eigenvalues 
in terms of the effective breadth and depth of the potential 
wells. The normal state eigenvalue of the actual physical 
problem lies above the corresponding eigenvalue of the 
related separable problem. If the potential is symmetrical 
in the coordinates of all the particles the two eigenvalues 


do not differ appreciably. In this last case the results 
obtained from the separable equation are identical with 
those given by the ‘‘equivalent” two body method.! 


1 Feenberg and Knipp, Phys. Rev. 48, 906 (1935). 


78. Interaction of Nuclear Particles. LLoyp A. YOUNG, 
Carnegie Institute of Technology.—Recent experiments on 
proton-proton scattering throw considerable light on the 
magnitude of the interaction of like nuclear particles 
(antiparallel spins), and from these results a new calcula- 
tion of the effective potential hole has been made. This, 
when combined with the author’s previous estimate, 
allows one to make an estimate of the magnitude of the 
higher order effects to which Weizsaecker has called atten- 
tion. The question of the existence of a-particles in heavy 
nuclei will be discussed.! 


1 See Bohr's article in Nature 137, 344 (1936). 


79. Wave Functions in Halite. W. SHockLEY, Massa- 
chusetts Institute of Technology—The Wigner and Seitz 
method of cellular potentials has been applied to the calcu- 
lation of wave functions in NaCl. A renormalized Hartree 
field has been used around the Cl and the Prokofjew field 
around the Na. The relative heights of the potentials are 
determined by use of Madelung’s number. The problem 
of joining the functions at the cell boundaries has been 
treated by the Slater method of fitting y and y’ at mid- 
points. For the outer Cl electrons a reasonable approxima- 
tion is to join at CI-Cl midpoints only. This gives rise 
to a face-centered lattice for which solutions of the Slater 
conditions have been found by Krutter. Several new 
solutions have been derived which allow fairly accurate 
energy contours in momentum space to be drawn for the 
Cl 3p band. If the joining is made at Cl—Na midpoints 
alone, a large number of unsatisfactory zero-width bands 
arise; while if both Cl-Cl and Cl—Na are used, the equa- 
tions become too complicated to handle very satisfactorily. 
For all three cases it can be seen, however, that there are 
no partially filled bands, which is consistent with the 
absence of conductivity. 


80. Stability of Degenerate Electronic States in Poly- 
atomic Molecules. H. JAHN, Davy Faraday Laboratory, 
Royal Institution, London, AND E. TELLER, George Washing- 
ton University, Washington, D. C.—As a general rule the 
electronic state of a polyatomic molecule can be degenerate 
only if the atomic configuration has a sufficiently high 
degree of symmetry. If the atomic nuclei are displaced 
the degenerate state may split up and if the splitting is a 
linear function of the displacement the original sym- 
metrical configuration, and with it the original degenerate 
state, does not correspond to an equilibrium state of the 
molecule. A group-theoretical investigation shows that 
except for molecules in which all atoms lie on a straight 
line only undegenerate states or the doubly degenerate 
states of molecules with an odd number of electrons can 
correspond to stable configurations. However, in the case 
of spin degeneracy and small spin-orbit interaction a 
nearly symmetrical configuration might be stable and the 
electronic state is then split to a very small extent. The 
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same is true for degenerate orbits of electrons in inner 
incomplete shells if their interaction with the other atoms 
is small. 


81. Some Theorems Concerning Approximate Wave 
Functions. Hupert M. James, Harvard University.— 
Let an approximate wave function, y¥', for the ground 
state of a system be expressed as ¥!=ai¥it+(1—a,*)!yez, 
where jy; is the correct function for this state, and yz is 
orthogonal to y; and indicates the character of the error 
in The quantities, «= and (6;)? 
= which vanish as approaches yu, 
may serve as criteria for the accuracy of ¥!. Between these 
quantities and eg and 6, computed by replacing the 
function y! by Wz in the above definitions, there exists the 
relation 6;?=e,[e:+(62—e,2)/ez]. The use of e; and 6, 
as criteria for the goodness of ¥ is discussed in connec- 
tion with this relation and the results of computations 
on the helium atom. A lower limit for the energy of the 
ground state of a system can be obtained from the in- 
equality, ¢:6,27/(E?— E!—6.), where E*?= /y*Hy*dv and 
[(H—E*)y* Pd, being a sufficiently good approxi- 
mation to the function for the first excited state. This 
lower limit converges more rapidly on the correct value 
than that previously available; the problem of further 
improving this convergence will be considered. Theorems 
relating to variational methods of treating excited states 
will be presented. 


82. Theory of Brillouin Zones and Symmetry Properties 
of Wave Functions in Crystals. L. BouCKAERT AND R. 
SMoLucHOwsKI, Institute for Advanced Study, Princeton.— 
It is well known that if the interaction between the elec- 
trons in a metal is neglected, the energy spectrum has a 
zonal structure. The problem of these “Brillouin zones” is 
treated here from the point of view of group theory. In 
this theory, a representation of the symmetry group of the 
underlying problem is associated with every energy value. 
The symmetry, in the present case, is the space group, 
and the main difference as compared with ordinary prob- 
lems is that while in the latter the representations form a 
discrete manifold and can be characterized by integers (as, 
e.g., the azimuthal quantum number), the representations 
of a space group form a continuous manifold, and must be 
characterized by continuously varying parameters. It 
can be shown that in the neighborhood of an energy value 
with a certain representation, there will be energy values 
with all the representations, the parameters of which are 
close to the parameters of the original representation, 
This leads to the well-known result that the energy is a 
continuous function of the reduced wave vector (the com- 
ponents of which are parameters of the above mentioned 
kind), but allows in addition to this a systematic treat- 
ment of the “sticking together of Brillouin zones.’’ The 
treatment is carried out for the simple cubic and the body 
centered and face-centered cubic lattices, showing the 
different possible types of zones. 


83. Interpretation of the Absorption Spectra of Crystals 
and Solutions of Rare Earth Salts. Ceci. B. ELLIs, 
University of Michigan.—It is believed that the first 
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definite identification of the electronic transition causing 
the color of a solid has been made. Analysis of the data 
of Prandtl and of Spedding shows that the absorption 
lines of crystals and solutions of trivalent rare earth salts 
are due to “forbidden” transitions between the ground 
state of the metal ion and the higher levels of the normal 
configuration, 4f*. The regular progression with Z of the 
long wave end of the absorption, from Pr in the infrared 
to Gd in the ultraviolet and back to the red with Tm, is a 
counterpart of the variation of the distance from the 
lowest to the next highest level in the sequence of 3d” 
configurations of gaseous spectra. The only gaseous /* 
configuration yet analyzed, La II 4f?, exactly matches the 
Pr (4f?) absorption spectrum. Calculation of the expected 
multiplet separations by Goudsmit’s formulas, and the 
use of Bethe’s predictions as to the splitting of the levels 
by the crystal fields, have led to the identification of the 
lowest excited terms (causing the longest wave bands) of 
the following elements (the normal states being known 
from Hund’s magnetic work): Pr, 'J¢, *Po, 1,2; Nd, 
4Go4, 34, 44, 53, 833 Sm, 25, 332; Eu, Gd, 
25, «4; Tb, °Kz, 6, 5; Dy, “Hay, 33, 23; Ho, Je, 5, 
LS coupling holds well near the beginning of the series 
(strict interval rule in Pr and Nd), but not so strongly 
further on. Transitions up to AJ =5 seem certain but those 
with small AJ are strongest. The Zeeman patterns for Gd 
are also in accord with the above interpretation. 


84. A Model for the One-Dimensional Schrédinger 
Equation. E. M. PurcELL, Harvard University.—A simple 
electrical and mechanical system has been set up, which is 
described by: 6+Cf(t)@=0. Here f(t) is an arbitrary 


function of the time which may have both positive and 
negative values. The model consists of a small coil sus- 
pended in a uniform magnetic field, with its axis normally 
parallel to this field, together with a means for varying the 
current in the small coil according to some specified f(¢). 


In particular, if we take f(#)=k(E—V(t)), where V(x) is 
the potential in a one-dimensional Schrédinger problem, 
and k is an appropriate scale factor, the movement of the 
coil gives directly y(t), where ¥(x) is a solution of the wave 
problem. The apparatus permits the initial conditions to 
be controlled, and a given V(t) to be repeated at will. 
E (corresponding to a constant current in the small coil) 
is then adjusted until satisfactory behavior is obtained 
at the final boundary. Such “‘good” values of E£ lie close 
to the eigenvalues of the wave problem; the error arises 
from the fact that one can use only a finite range of the 
independent variable. It is convenient to locate the proper 
E values visually, but the corresponding curves of ¥ have 
also been recorded photographically on a revolving drum. 


85. Influence of Certain Ions on the Structural Tem- 
perature of Liquid Water. J. R. CoLLins anp C. Moran, 
Cornell University.—In their paper on the structure of 
liquid water, Bernal and Fowler! predicted that the effect 
of small dissolved ions is to reduce the structural tempera- 
ture of liquid water, and that large ions should increase 
the structural temperature. The authors have investigated 
the effect of dissolving the chlorides of a number of metals 
on the spectral position and intensity of certain near 
infrared absorption bands of liquid water. Since these 
bands change their character when the temperature of the 
water is changed, their changes were taken as an indication 
of the structural temperature of the water in the solutions. 
It was found that small ions such as those of lithium and 
magnesium caused a decrease in the structural temperature 
of the water while large ions such as those of caesium and 
barium caused an increase in the structural temperature 
of the water. The structural temperature of the water in 
the solutions was found to be in the same order as the 
quotients of the charge and radius of the ions in solution 
in general agreement with the predictions of Bernal and 
Fowler. 

1 J. Chem. Phys. 1, 515 (1933). 
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1. The Balloon as a Flying Laboratory. CapTain A. W. 
Stevens, U.S. Army Air Corps. (30 minutes) 

2. Stratosphere Altitude, Barometric and Photogram- 
metric. W. G. BROMBACHER, 
Standards. (10 minutes) 


3. Cosmic-Ray Measurements. W. F. G. Swann, Bartol 
Research Foundation of the Franklin Institute. (10 
minutes) 


National Bureau of 4. Electrical Conductivity of the Troposphere and the 


Stratosphere. O. H. Gisu, Department of Terrestrial 


Magnetism, Carnegie Institution of Washington. (10 
minutes) 


5. High Energy Cosmic-Ray Tracks. T. R. WILKINs, 
University of Rochester. (10 minutes) 


6. Distribution of Ozone from Spectrographic Measure- 
ments. BRIAN O'BRIEN, University of Rochester, AND 


F. L. Mower, National Bureau of Standards. (10 
minutes) 

7. Composition of the Stratosphere. MARTIN SHEPHERD, 
National Bureau of Standards. (10 minutes) 

8. Strength and Performance of Stratosphere Balloons. 
L. B. TucKERMAN, National Bureau of Standards. 
(10 minutes) 


SATURDAY MORNING AT 9:30 O'CLOCK 


National Academy of Sciences 


Auditorium 


86. Artificial Radioactivity of Very Long Life. Epwin 
McMIL.iaN, University of California.—It has been known for 
some time that Be” is produced by the bombardment of 
beryllium with deuterons, that its mass is probably slightly 
above that of B”, and that it is not radioactive with any 
“ordinary” decay period. Last June a beryllium-aluminum 
alloy target used as a neutron source foi about a year in 
the Berkeley magnetic resonance accelerator was removed, 
after having had enough exposure to deuterons to build up 
an appreciable amount of even a very long period activity. 
Electroscope observations since then show that there is a 
long period present. During the past four months (after 
the decay of the inevitable P® contamination) there has 
been no certain change in the amount of activity within the 
accuracy of the measurements (about 3 percent), leading 
to a lower limit of about 10 years for the half-life. The 
assignment of this activity to Be! is as yet based only on 
reasonableness, but chemical tests will be made later. The 
yield is compatible with a very much longer life. Another 
long period was found on pieces of Mo and brass taken from 
parts of the apparatus struck by the deuteron beam. This 
has a half-life of about 3 months, and probably arises from 
some common contaminant, perhaps C¥%+H?~C"+H1}. 
The electrons from both of these active substances are very 
slow. The ionization produced by the beryllium target is 
reduced to 1/3 by 0.0008 g/cm?* of Al, and to zero by 
0.08 g/cm?. The thicknesses required to produce the same 
absorptions of the Mo brass electrons are 0.003 and 0.08. 
The absorption curves are seen to differ greatly in shape, 
although they have the same end point. 


87. Variation of Range with Angle of the Disintegration 
Alpha-Particles of Li’. A. Roperts, T. ZANDsTRA, R. 
CoRTELL AND F. E. Myers, New York University, Uni- 
versity Heights —The range of the alpha-particles emitted 
by Li? under proton bombardment has been measured at 
several angles to the incident beam of protons. Measure- 
ments were made at bombarding voltages of 200 and 240 
kv, and the results have been found to be fully in accord 
with the predictions of the principle of conservation of 
momentum, when the straggling due to the penetration of 
the target by the proton beam is taken into account. A 
method of calculating the straggling is given, and the 
observed and calculated results are compared. The question 
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of the formation of ,Be* in this reaction is discussed in view 
of the results obtained. It is shown that if ,Be® is formed 
and subsequently disintegrates into two alpha-particles 
without the emission of a gamma-ray, it must have a mean 
life of not more than 3-10~" second. 


88. The Artificial Radioactivity of Copper, a Branch 
Reaction. S. N. VAN Vooruis (National Research Fellow), 
University of California.—The artificial radioactivity 
produced in copper by bombardment with approximately 
six million volt deuterons has been studied. Two radioactive 
substances are produced, corresponding to the two stable 
isotopes of copper. The half-life of the longer component, 
which has been studied, is found to be 12.8+0.1 hours. 
Examination in the Wilson chamber showed both positrons 
and electrons in roughly equal numbers. By covering the 
sample with paraffin, the annihilation radiation produced 
by the positrons could be measured with a pressure 
ionization chamber. The positrons are found to have 
exactly the same half-life as the total beta-activity. An 
absorption curve in lead shows no evidence of any gamma- 
rays other than the annihilation radiation. An excitation 
curve was also measured by the method of stacking thin 
foils. This is found to be the same for positrons and total 
activity, and to follow the theoretical curve of Oppenheimer 
and Phillips' quite accurately through the range of 
applicability (approximately one to four million volt 
deuterons). Since stable isotopes of both zinc and nickel of 
mass 64 have been reported, it seems likely that this is a 
case of branching, radio-copper of mass 64 going either to 
nickel or zinc with the emission of a positron or an electron. 
Analysis of Wilson chamber photographs in a magnetic 
field by the method described by Kurie, Richardson, and 
Paxton? gives a value for the upper limit of 0.8 MEV for 
both positives and negatives on the basis of the Konopinski- 
Uhlenbeck modification of the Fermi theory. The ratio of 
negatives to positives in the photographs is about three to 
two. 


1 Oppenheimer and Phillips, Phys. Rev. 48, 500 (1935). 
2 Kurie, Richardson and Paxton, Phys. Rev. 49, 368 (1936). 


89. Deuteron-Induced Radioactivity in Bismuth. J. J. 
Livincoop, University of California.—Bismuth bom- 
barded with 22-cm range deuterons exhibits an electronic 
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radioactivity with a half-life of 5 days, as measured with a 
quartz-fiber electroscope. Linear amplifier observations 
show an alpha-particle activity which increases daily for 
about three weeks and then is sensibly constant. The 
range of these particles has been compared to that of 


natural polonium and is found to be the same, within the’ 


half-mm error of measurement. Inasmuch as radium E 
emits electrons with a half-life of 5 days, and since the 
alpha-activity of polonium growing in fresh Ra E is known 
to rise to a maximum in 23 days and then to decline to 
half-value in 145 days, these experiments are interpreted as 
the formation of Ra E by bismuth capturing the neutron 
out of the deuteron, according to the equation s;Bi?°? 
(i.e., Ra E)+ followed by the natural 
decay of Ra E into polonium by the emission of an electron 
and the subsequent decay of this into lead by the loss of an 
alpha-particle. As far as the half-lives and the range of the 
alpha-particle are concerned, these synthetic elements 
appear to be identical with the natural varieties. The shape 
of the alpha-particle range curve gives no suggestion of 
resonance capture. 


90. Transmutation of Chlorine and Potassium by Th C’ 
Alpha-Particles. E. PoLLARD AND C. J. BRASEFIELD, Yale 
University—Under bombardment by fast alpha-particles 
from Th C’ the elements chlorine and potassium are found 
to emit protons. In the case of potassium these are most 
probably due to the reaction 


2Het + 19K + 1H!+Q. 


The presence of two chlorine isotopes renders the interpre- 
tation of the chlorine reaction uncertain, but it is likely 
that the more abundant isotope ;7Cl* is responsible for the 
protons observed, according to the equation 


The chlorine protons are emitted in three well-defined 
groups and those from potassium show two clearly-defined 
groups with indications of a third. Experiments with 
reduced energy alpha-particles show that none of these 
groups is due to resonance levels and therefore that they 
afford measures of the transmutation energy changes Q 
for ground and excited states of the nuclei. The values of 
this energy change in MEV are given in the table together 
with values for the transmutation of phosphorus as found 


by Paton. 

CHLORINE PHOSPHORUS 
—3.3 —3.4 —3.0 
—2.2 —2.2 —1.5 
—1.0 0.0 0.0 


POTASSIUM 


There is therefore a broad similarity between the three 
elements which may be linked with the fact that their 
nuclear masses are of the form 4n+3. The maximum 
proton ranges from potassium and chlorine enable the 
masses of o9Ca*? and ;sA%* to be calculated. These are, 
respectively, 41.956+0.003 and 37.9749 +0.0016. 


91. Apparatus for the Automatic Analysis of Fluctuations 
in Radioactive Disintegration. RayMonp L. DRISCOLL, 
University of North Carolina. (Introduced by Arthur E. 
Ruark.)—On the basis of a design suggested by Dr. Lee 
Devol, a circuit has been developed which records the total 
number of counts produced by a radioactive source, and 
also the number of intervals between counts which exceed 
a chosen interval length ¢. Several such units can be 
operated in parallel to record the number of intervals 
greater in length than the chosen values /;, f2, etc. This 
device eliminates the labor involved in measuring intervals 
recorded on a chronograph sheet; it makes it possible to 
use very large numbers of counts, in experiments designed 
to test either the Bateman fluctuation law, or the ability of 
a detector to record random events correctly. 


92. Time Distribution of Counts Due to a Constant 
Source and a Radioactive Substance Which It Produces. 
LEE Devo, University of Pittsburgh, AND ARTHUR RUARK, 
University of North Carolina.—An expression is obtained 
for the size-distribution of the time intervals between 
counts caused by a constant source and a radioactive 
substance which it produces, on the assumption that the 
detecting device (a Geiger counter, for example) is out of 
operation for a definite time 7 after a count but has 
constant efficiency, for rays or particles of given charac- 
teristics, at all other times. It is assumed that each arti- 
ficially radioactive atom, of decay constant \, gives only 
one ray (or particle), and that the rays from the constant 
source are homogeneous. Let F be the average rate of 
arrival of rays from the constant source alone. Then the 
number of intervals between counts which are greater than 
a chosen value t, divided by the total number of intervals, is 


In this formula 5, D, a and @ are functions depending on the 
counter efficiency, the probabilities that rays of the various 
classes involved will produce ionization within the counter, 
and the probability that a primary ray striking the 
experimental arrangement will produce an artificially 
radioactive atom. 


93. Protection Against the Harmful Effects of Ionizing 
Radiations. G. FamLtta, Memorial Hospital, New York 
City.—In view of the rapidly increasing number of physi- 
cists working with radioactive substances (natural or 
artificial), neutrons, etc., it is timely to point out the 
dangers of overexposure to ionizing radiations, and to 
suggest precautionary measures, based on our experience 
in the handling of large quantities of radium at the 
Memorial Hospital. The desirability of this warning is 
apparent from the number of students and instructors who 
have been burned by x-rays in recent years, in spite of the 
fact that the danger of overexposure to x-rays is generally 
known. 
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94. The Temperature Coefficient of the Photoelectric 
Work Function of Barium. R. J. CASHMAN AND N. C. 
Jamison, Northwestern University—In work previously 
reported,!: 2 application of Fowler’s method was made to 
determine the photoelectric work functions of barium and 
calcium surfaces. Further refinement in the technique of 
making measurements has increased the accuracy so that 
an estimation of the temperature coefficient of the work 
function may be obtained for the temperature interval, 
20° to 120°C. The results of several determinations yielded 
a positive value of (1.4+0.7)x10-* volt/deg. C. The 
extreme constancy of the photo-emission properties of the 
surface, even though it repeatedly experienced 100 and 
140-degree temperature changes, was of primary importance 
in the work. The mean value of the work function at room 
temperature was 2.5067 volts, the average deviation from 
the mean for a series of five plots being 0.0004 volt. That 
this value is not fully in accord with that previously 
reported! might well be attributed to a difference in 
crystal structure of the surface or slightly different chemical 
purity. 

1R, J. Cashman and N. C. Jamison, ‘“‘Photoelectric Work Function 
of Barium,” Phys. Rev. 49, 195 (1936). 

2N. C. Jamison and - Cashman, “The Photoelectric Work 


Function of Ca and Photoemission from Non-Homogeneous Surface,” 
Phys. Rev. 49, 201 (1936). 


95. The Energy Distribution of Photoelectrons from 
Sodium. A. G. Hitt anp L. A. DuBripGe, University of 
Rochester, Rochester, N. Y.—Experimental energy distri- 
bution curves have been obtained from clean sodium over a 
range of wave-lengths from 2400A to 4350A. These are 
compared with the theoretical curves derived from various 
models proposed for the photoelectric effect,! and the 
agreement between theory and experiment is good for all 
wave-lengths for the high energy end of the curve where the 
Fermi function is the controlling factor. A discussion will 
be given of the possibility of improving the agreement 
between theory and experiment in the low energy region. 
If impurities are introduced in the photo-cell the threshold 
shows a large shift toward the red and the curves no longer 
agree with the theory, but show quite large ‘‘tails’”’ as 
though the surface were at a much higher temperature. An 
investigation is now being made of the possibility of a 
photoelectric determination of h/e taking into account the 
temperature effect previously ignored. 


1 See, for instance, Rudberg, Phys. Rev. 48, 811 (1935). 


96. Photoelectric Emission from Alkali Deposits on 
Other Metals. H. C. RENTSCHLER AND D. E. HENry, 
Westinghouse Lamp Co., Bloomfield, N. J—The progressive 
change in sensitivity to the light through various filters was 
noted as the alkali distilled and deposited on sputtered 
surfaces of different metals prepared as previously de- 
scribed.! The long wave-length sensitivity so obtained and 
generally attributed to the formation of a thin film of the 
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alkali was surprisingly small. Thus the maximum red 
sensitivity of potassium on a sputtered molybdenum 
surface was many times smaller than for a similar deposit 
on a molybdenum surface cleaned by electron bombard- 
ment. When the potassium was similarly deposited on a 
metal surface at sufficiently low temperature no red 
sensitivity was obtained. These tests indicate that the red 
sensitivity is the result of a reaction between the alkali and 
the residual impurity on the base metal and not due to 
the physical nature of the film. 


1 Rentschler and Henry, Rev. Sci. Inst. 3, 794 (1932). 


97. Collisions of Fast Electrons with Helium Atoms. 
A. L. HuGHeEs S. S. West, Washington University.— 
When a charged particle is scattered by another particle 
which has a Coulomb field, quantum mechanics and 
classical mechanics give the same formula when the 
particles are different, and different formulas when they 
are identical. In the particular case of scattering of 
electrons by electrons, quantum mechanics predicts a 
smaller scattering than does classical mechanics, in a ratio 
which has a minimum of 1 : 2 at 45°. We have investigated 
the scattering of 2000-volt electrons by helium atoms. For 
this energy value we can consider the incoming electron to 
be deflected by the nucleus, or by an atomic electron, and 
disregard the binding energy of the atomic electron, and so 
use the experimental results to compare the scattering by 
the nucleus with that by an atomic electron. An electron 
scattered by the nucleus loses practically no energy, while 
that scattered by an atomic electron loses more energy the 
greater the angle of scattering. The ratio of the number of 
electrons scattered by the nucleus to that scattered by the 
atomic electrons has been compared with the values 
predicted by the theories. The results are decisively in 
favor of the quantum-mechanical theory. 


98. The Positive Ion Work Function of Molybdenum. 
H. J. Grover, Cornell University. (Introduced by L. P. 
Smith.)—A method of utilizing a mass spectrograph for the 
measurement of positive ion currents from molybdenum as 
a function of temperature is described. These measurements 
yield a value for the positive ion work function ®,0, which 
is higher than any previously reported. This value is found 
to balance the familiar energy cycle, ®4o+%..=V+U, 
within experimental error when standard values for the 
electron work function @_9, the ionization potential V and 
the latent heat of condensation of neutral atoms (U) are 
used. 


99. Equations of State of One- and Two-Dimensional 
Gases of Hard Elastic Spherical Atoms of Finite Size. 
LeEwi Tonks, General Electric Company.—The attempt to 
solve the ideal two-dimensional case in connection with 
monatomic-film theory led to the consideration of the one- 
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dimensional case also. Rigorous integration in generalized 
space gives f=nkT/(1—6) for the force exerted by the 
linear array, where n =atoms cm™ and 6=n/mo, no=atoms 
cm for close packing. The probability distribution of the 
distance between an atom and its next but one neighbor is 
what would be calculated from treating the surrounded 
atom like a (simple atom) gas and by using Boltzmann’s 
equation. The plane gas at low concentrations follows the 
law r=nkT(1+1.8130+2.576). At high concentrations 
(@—1) the atoms tend toward a hexagonal array, but a 
square array can be arranged for by proper choice of 
boundary. In that case r=nkT/(1—6). The same law is 
found for the hexagonal case when all atoms are thought of 
as confined within equal regular hexagons (noting that 
6(hexagon) differs from 6(square) for the same n). This is 
not thought to affect the equation of state beyond the first 
order of small quantities, for confinement of the atoms of 
the linear gas in equal cells leaves its equation of state 
unchanged; and confinement of the atoms of the square 
array in square cells leaves its equation of state unchanged 
to the first order of small quantities. 


100. The Temperature Dependence of Field Current 
Emission. R. T. K. Murray, Johns Hopkins University. 
—By the use of a Geiger-Miiller counter previously 
described for recording field current electrons, the de- 
pendence of field current emission on temperature has been 
measured. The cathode consisted of a hollow brass sphere 
which could be varied over the temperature range from 
liquid air to boiling water and the electron emission was 
studied as a function of temperature, the field being kept 
constant. Current temperature curves were obtained of the 
form i=a+5T? which is in agreement with the theoretical 
calculations of Houston.! The constant a in the above 
expression gives the electron current to be obtained under 
the given field at the absolute zero. Calculations showed 
that the effect of thermal expansion on the current was 
negligible. The distance of the sphere from the plane was so 
adjusted that the change of the field with the temperature 
due to thermal expansion was a minimum over the tempera- 
ture range used. Difficulty was encountered, however, by 
the effect of temperature on the microscopic geometry of 
the surface. 


1W. V. Houston, Phys. Rev. 33, 361 (1929). 


101. Some Properties of Caesium and Oxygen Films on 
Tungsten. JOHN BRADSHAW TAYLOR AND [RVING LANG- 
MuIR, General Electric Company.—A pure tungsten filament 
was coated with oxygen at low pressures (107° to 107° mm), 
the oxygen being admitted by diffusion through the walls 
of a heated silver tube. Oxygen films prepared in this way 
require no ‘‘activation’”’ to allow increased electron emission 
when caesium is adsorbed on them. OW films undergo a 
rearrangement when heated in the presence of adsorbed Cs, 
with accompanying changes in electron emission from the 
Cs-—O-W film. Measurements of the amount of Cs adsorbed 
indicate that the concentration of oxygen in these films is 
much less than that corresponding to a single layer. The 
heat of evaporation of oxygen from these dilute films varies 
from 168 kcal. to 143 kcal. as the oxygen concentration 


approaches zero. Oxygen diffuses into tungsten at tempera- 
tures as low as 1200°K at oxygen pressures lower than 
10-7 mm. After such diffusion has taken place, the filament 
can be cleaned in the absence of oxygen and then deactivated 
by diffusion of oxygen to the surface. A preliminary value 
for the heat of diffusion is 83 kcal. 


102. Thoriated Tungsten Activation as Revealed by the 
Electron Microscope. A. J. AHEARN AND J. A. BECKER, 
Bell Telephone Laboratories, Inc.—An electron microscope 
was used to study the activation of thoriated tungsten 
ribbons. After flashing at 2600°K the electron image at 
1500°K shows that only a few small areas emit profusely, 
the rest of the filament being barely visible. By heating the 
filament at 1700°K these areas first grow greatly in inten- 
sity and in size. Then as they continue to grow in size their 
intensity decreases. These active spots are thought to be 
produced by the eruption and migration over the surface of 
pockets of thorium. From estimates of the sizes of the 
spots and the current densities therefrom the number of 
thorium atoms in an eruption is found to be 5X10!*, 
Optical microphotographs of the same filament show many 
pocketlike dots the size and number of which account for 
the known thoria content of the filament. On this basis, 
there are from 1X10! to 200X10!° thorium atoms per 
pocket in good agreement with that calculated from the 
eruptions. The experiments show that (1) a large part if 
not all of the thoriation occurs in the form of eruptions; 
(2) when an eruption occurs all the thorium of a thorium 
oxide granule escapes. 


103. Anomalous Secondary Electron Emission. Louis 
Matter, Cornell University—Aluminum which has been 
oxidized electrolytically is coated with a monomolecular 
layer of caesium oxide. If this surface is now bombarded 
with an electron beam, it charges positively because of the 
high normal secondary emission ratio of caesium oxide. 
This positive charge cannot escape through the highly 
resistant aluminum oxide. If the normal secondary elec- 
trons are collected by an adjacent positive electrode, the 
surface of the target can be made sufficiently positive to 
cause ‘‘cold emission” from the underlying aluminum. 
This emission, which may be thousands of times greater 
than the current in the primary beam, is referred to as 
anomalous secondary emission. It is found that the 
anomalous emission is a power function of the collector 
potential and primary beam current density. The anoma- 
lous emission persists even after the removal of the 
primary beam, decaying very slowly in certain cases. 
Light from a tungsten filament causes a decrease in the 
anomalous emission as well as a speeding up of decay 
characteristics. Reversal of the collector potential while 
the beam is incident upon the target causes the anomalous 
emission to build up very slowly when the collector potential 
is restored to its normal positive potential. 


104. A Macroscopic Theory of Metallic Conduction. 
Ernst WEBER, Polytechnic Institute of Brooklyn.—Electric 
conduction is conceived as analogous to the flow of a 
viscous compressible fluid in a tube. The theory leads to 


expressions for the resistance change in a magnetic field 
which agrees well with the experimental results of Kapitza, 
of Bridgeman and of the author. The hypothesis of com- 
pressibility is supported by experiments from which also 
first numerical values for the compressibility coefficient as 


well as the coefficient of viscosity can be obtained. In the 
theory it is assumed that the viscosity effects are pro- 
portional to the square of the magnetic field strength, a 
reasonable assumption amply supported by the excellent 
agreement with experimental results. 
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105. Soft X-Ray Absorption of Lithium and Its Halides. 
H. M. O’Bryan, Harvard University—The absorption 
spectra of LiF, LiCl, LiBr, Lil, and lithium metal have 
been photographed over the region 170A to 700A on a 
small plane grating vacuum spectrograph. The absorbing 
materials were less than iy thick and were prepared by 
distilling onto celluloid films which were about 200A thick. 
The absorption bands were found by comparing the spectra 
of a hot spark transmitted by celluloid with that trans- 
mitted by an absorbing film on celluloid. The bands show a 
width of from 2 to 4.5 volts at the head with less intense 
continuous absorption extending to shorter wave-lengths. 
The intensities of the higher orders of short wave-lengths 
obscure the details of absorption above 700A shown by 
the valence electrons of these substances. The wave-lengths 
in Angstroms for the centers of these bands are listed 
below. 


K of Li 
Lithium 214A 
LiF 192A 
Licl 205A M, of C1 417A 
LiBr 200A N1 of Br 399A 
Li 204A O; of 1444A Myy v of 1 224A 


106. Energy Levels of the Hydrogen Molecule. G. H. 
DikEkE, Johns Hopkins University—The analysis of the 
spectra of HD and D, has led to a number of interesting 
results which could not have been obtained at all or only 
with great difficulties from the H2 spectrum alone. Of 
the important low-lying levels with one electron in the 
ground state 1s and the second electron in a one or two 
quantum state all have been satisfactorily identified in H» 
by Richardson and others except 1so 2s0!Z. An empirical 
level 1X was identified with this state by Richardson and 
the author but there were several difficulties to this so that 
Weizel classified it as (2p0)?!2. The complete analysis of 
the system 1X¥—>2p '!Z for Hz, HD and Daz, of which a part 
had been previously found by Richardson and Davidson, 
has removed the difficulties. The fact that the V=0 level 
is completely normal shows that the irregularities occur- 
ring in the higher vibrational levels must be true perturba- 
tions and not A-decoupling. It is very probable that the 
perturbations arise from interaction with the (2pc)?'Z 
level the approximate position of which is thus located. 
This level must be absent in the triplet system which 
accounts for the absence of perturbations in 1so 


107. The Magnetic Rotation Spectra of Polyatomic 
Molecules in the Ultraviolet. P. KuscH AND F. W. Loomis, 
University of Illinois—The apparatus previously used for 
the study of magnetic rotation spectra in the visible and 
infrared has been modified for use in the ultraviolet. The 
polarizing device is a pair of quartz Rochon prisms with 
components in optical contact. The object is to see whether 
the simplification often found in magnetic rotation spectra 
will help in the analysis of the complicated electronic 
spectra of polyatomic molecules, most of which occur in 
the ultraviolet. The spectra of this type which have been 
found so far are those of CS2, SO. and formaldehyde. In 
each case the extremely complicated structure observed 
in absorption is replaced by a spectrum consisting of fairly 
sharp lines which may readily be correlated to band heads. 
In the case of CS, the magnetic rotation spectrum occurs 
in the region 3100-3600A, where the absorption heads 
themselves are well defined. In the region to shorter wave- 
lengths, where the band heads are diffuse, the magnetic 
rotation spectrum has not been observed. The apparatus 
is being further modified to permit the investigation of 
spectra below 3000A. 


108. The Band Spectrum of As». G. D. KINZzER AND 
G. M. Atmy, University of Illinois—The band spectrum 
of Ass, previously photographed between 2400A and 3700A, 
has been extended to 7000A by the use of a quartz dis- 
charge tube operating in a furnace. The A~X and B>X 
systems have thus been photographed and analyzed to 
v’’=72, corresponding to a vibrational energy (G) of 3.1 
volts, at which AG = 243 cm—. The new intervals (v’’ = 44 to 
v’’=72), when fitted to a power series in (v+ 1/2), converge 
at G=3.8 volts. The appearance of predissociation in state 
A at v=9 had indicated a heat of dissociation of the ground 
state of 3.9 volts, or 3.0 volts, depending upon assumptions 
as to atomic states near predissociation. The extension of 
the spectrum definitely excludes the latter value, sup- 
ports the former, and indicates that states A and B dis- 
sociate into 4S+2D. 

Two new systems of bands, called D and E, of the As» 
moiecule have been observed. The D system whose origin 
is vo, o=24,599.4 cm has the same ground state as the 
A, Band C systems while in the excited state w.’ = 337 
The E system is composed of two sets of bands. Either set 
can be arranged into a square array yielding the same 
vibrational constants, w-’=335 and w,’’=311 cm™. 
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Corresponding bands in either set are separated by an 
interval of 163 cm, and are matched in intensity. The ori- 
gins of the two sets are at 16,348.2 cm™ and 16,185.0 cm™. 
The bands of the E system are degraded to the violet while 
the bands of the A, B, Cand D systems are degraded to the 
red. 


109. Band Spectrum of BH and BH*. G. M. ALmy Anp 
R. B. HorsFai, University of Illinois.—The boron hydride 
spectrum was excited in a water-cooled hollow cathode and 
photographed with a 21-foot grating. Three prominent 
systems were observed. One, with principal R head at 
3768A (presumably the (0,0) band), consisting of narrow 
doublet P, Q and R branches, is new. It is due to a *II 
(reg.)—’= transition. For K <10 the *2 doubling is neg- 
ligible, since A: F,""(K) =A2F./(K). By" =12.36 cm", 
ro’ =1.22A. For the “II state, Bo’ =11.57 cm™, A=12.2 
A/B o’=1.05. It is therefore between the two pos- 
sible values of A/B corresponding to pure case } according 
to Hill and Van Vleck. Consideration of missing lines 
supports this analysis. This system is due to BH* and is 
analogous to the green BeH system and the AlIH* bands 
near 3600A. The previously reported! ? singlet and triplet 
systems were also found. The analysis of the 'II—'2 sys- 
tem has been extended to include the (2,2) band. No 
off-diagonal bands have been found. The (0,0), (1,1) and 
(2,2) bands exhibit dissociation by rotation at K’=25, 21, 
14, respectively. The heat of dissociation of the 'II state 
must be less than 0.75 volt. In the triplet system, pre- 
viously reported! as *II—*Z, the P and R branches have 
been resolved into very narrow equally spaced triplets 
(total width, 4 cm at K’’=2), and the Q branch into 
doublets. The behavior of the A, F's for low K requires that 
the transition be *2—*II. For this system By’ =12.13, 
Bo’ =12.72. 


1W. Lochte-Holtgreven and E. S. Van der Vluegel, Zeits. f. Physik 
70, 188 (1931). 
2? R. F. Paton and G. M. Almy, Phys. Rev. 37, 1710 (1931). 


110. The Brillouin Effect of Benzene as Obtained with 
the Concave Grating. D. H. RANK, Pennsylvania State 
College —E. Gross has shown that when light is scattered 
by liquids one obtains in addition to the main unmodified 
line satellites which are symmetrically spaced with respect 
to the line and separated from it by about 0.04 Angstrom. 
The few observations which have been made on this 
phenomenon employed interferometers as the instruments 
of high resolving power. By making some obvious modifica- 
tions to the apparatus which I had used several years ago 
to produce Raman spectra of gases at atmospheric pres- 
sure it was possible to obtain sufficient intensity (of the 
light scattered by pure benzene through an angle of 90°) 
to use a 21-foot concave grating as the instrument of high 
resolving power. The 4358 and 3650 lines of Hg scat- 
tered by benzene were photographed in the fourth order 
of the grating. Comparison of the structure of these lines 
scattered from benzene and the same lines obtained di- 
rectly from the source shows the so-called Brillouin 
components quite clearly. 


111. A Source for Quantitative Spectrographic Analysis 
of Solutions. K. B. THomson AnD O. S. DUFFENDACK, 
University of Michigan.—A source has been devised for the 
quantitative spectrographic analysis of solutions, and 
applied to the analysis of certain biological fluids. The 
source is an uncondensed spark between two electrodes of 
the solution to be analyzed. These electrodes consist of two 
horizontal quartz jets rigidly attached to one another with 
their nozzles separated by a distance of 4} to 5 mm. The 
solution flows through the jets from two reservoirs at- 
tached by quartz tubing. These reservoirs are circular in 
form, the centers of the circles lying on the axis of the jets. 
The flow of solution is produced and regulated by rotating 
the apparatus about this axis. Electrical contact is made 
through gold wires that enter the system at some distance 
from the jets. The effects of various changes in conditions, 
such as changes in spark current, rate of flow of solution 
through the jets, separation of the jets, etc., have been 
investigated. Analyses have been made over the following 
ranges of concentration: magnesium 0.0001 to 0.05 per- 
cent; sodium 0.01 to 1.0 percent; potassium 0.025 to 0.8 
percent; calcium 0.005 to 0.1 percent. The errors in the 
results obtained for sodium and potassium are of the same 
magnitude as the errors in measuring relative intensities 
of spectral lines with the microphotometer. Slightly 
greater errors occur in the analyses for calcium and mag- 
nesium. This work has been supported by the Rockefeller 
Foundation. 


112. Vibration-Rotation Energy Levels of Ethane-Type 
Molecules. J. B. Howarp AnpD E. BriGut WILSON, JR., 
Harvard University. (Introduced by J. H. Van Vileck.)—The 
vibration, over-all rotation, and internal rotation of the 
ethane molecule have been treated by a straightforward 
quantum-mechanical method on the assumption of un- 
hindered internal rotation. The two methyl groups are 
described by separate rotating coordinate systems with a 
common axis. The approximate Hamiltonian operator is 


H= 3{(P:—pr)?/A (Py — py)?/Bo 


3N—-7 


pei+V, 


k=1 


in which P, is the momentum conjugate to the internal 
angle y, py is a corresponding quantity arising from the 
vibrational motion, p; is the momentum conjugate to the 
normal coordinate Q,; the other quantities have their 
usual significance. The concept of normal coordinates has 
been extended to apply to a molecule of this sort which has 
free internal rotation. There are found to be two types of 
normal coordinates, one type depending only on the dis- 
placement coordinates, the other on the displacement 
coordinates and the internal angle y. The first type cor- 
responds to nondegenerate frequencies; the second to 
doubly-degenerate frequencies. During the free internal 
rotation of the molecule the normal coordinates for each 
value of the angle y are the same as the corresponding 
normal coordinates of the semirigid molecule in which the 
free internal rotation is replaced by a torsional normal 
vibration about an equilibrium position given by that 
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value of y. The selection rules for the vibration-rotation 
spectrum and the statistical weights of the energy levels 
have also been determined. 


113. Electronic Structures of Simple Polar Diatomic 
Molecules. RoBErT S. MULLIKEN, University of Chicago.— 
Electronic structures of the low energy electronic levels of 
diatomic molecules MH, HX and MX are considered, 
using band spectrum data, in the light of possible electron 
configurations and approximate wave functions (M =uni- 
valent metal, X = halogen). The empirical potential energy 


curves of the two !Z* states of MH can be explained. 


starting from two hypothetical curves (one homopolar 
M : H, one ionic M*H~-) which cross. Quantum-mechanical 
interaction between these, using a resonance integral 
varying reasonably with 7, gives the observed curves. The 
anomalous band spectrum constants and shape of the 
upper curve are made understandable. They are attributa- 
ble mainly to transition from predominantly homopolar 
to nearly pure ionic character as r increases. The abnor- 
mally small normal state dissociation energies D indicate 
that the additivity theorem for homopolar bond energies 
(i.e., D(M : H) = 4D(M:2)+4D(H.z) in the present case) fails 
badly in MH; complete failure appears practically certain 
in MX, band spectrum data indicating that D(M : X) is 
approximately zero. For AgX, it is concluded that the 
upper potential energy curve of the observed bands con- 


tains a shallow minimum followed, as 7 is increased, by a 
maximum, after which the curve sinks to an asymptote 
about 1 ev lower. 


114. The Emission of Visible Light from Pure Liquids 
During Acoustic Excitation. L. A. CHAMBERS, Johnson 
Foundation. (Introduced by D. W. Bronk.)—Of 36 pure 
liquids examined, 14 were observed to emit visible light 
during cavitation by audible sound waves of 1000 and 
9000 c.p.s. The emission was most intense (visual compari- 
son) in the case of glycerol and nitrobenzol. A correlation 
has been found between the apparent intensity of the 
radiation and the numerical product of molecular dipole 
moment yu and viscosity 7 such that the intensity increases 
with wn. The emission from pure water is of such an 
intensity that it constitutes an exception to the rule, the 
only exception thus far encountered. The intensity of the 
light varies inversely as the temperature in all of the 
liquids studied. From solutions of polar compounds in 
nonpolar solvents the emission intensity was found to vary 
with concentration of the polar constituents. While no 
explanation of the phenomenon is available at present it is 
suggested that the existence of a quasi-crystalline structure 
in the liquids would make possible a theory of excitation by 
sudden distortion of a space lattice. Thus sonic-lumines- 
cence might be related to the tribo-luminescence exhibited 
by certain crystals. 


115. Filament Ion Sources for Mass Spectroscopy. E. J. 
Jones, U. S. Department of Agriculture, Washington, AND 
J. P. BLewett, Princeton University.—Efficient sources of 
ions of the alkali metals have been produced by heating 
synthetic alkali aluminum silicates. The ternary system 
(LizO) (Al,O;) (SiO,) has been studied thermodynamically 
and the eutectics having ratios 2: 1: 1 and 3: 1:3 of the 
components have been found to provide satisfactory 
lithium ion sources. Similar alloys serve for the other 
alkalis. The salt is prepared by mixing the alkali carbonate 
with aluminum nitrate and powdered quartz in the correct 
proportions. This mixture is reduced by heating and is then 
painted on a platinum strip or mesh filament with water as 
a binder. Sources of this type yield ion currents of 10~* 
amp. per sq. cm for 30 hours or longer. Mass spectrograph 
analyses show that impurities of other alkalis in the ion 
emission can be reduced to less than one percent. Mag- 
nesium, calcium and aluminum ions have been produced in 
fairly copious amounts by heating oxides, carbonates or 
nitrates of these metals to a white heat. The salts were 
supported on a tungsten spiral filament. In the case of 
aluminum, negative ions of mass 27—presumably Al-— 
were observed. Similar salts of other metals are being 
investigated. 
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116. Negative Atomic Hydrogen and Deuterium Ions. 
Paut F. Darspy AND H. BENNETT, Ohio State 
University—The source of negative atomic hydrogen ions 
previously reported! has been further improved and 
simplified by the introduction of a little mercury vapor and 
the use of a transverse magnetic field on the arc itself. 
Mercury vapor at 0.0013 mm pressure makes the per- 
formance of the oxide coated filaments steady and also 
greatly decreases the amount of water dissociated into 
gaseous products. The transverse magnetic field cuts off all 
of the electrons from the arc, thus avoiding the more 
difficult elimination of them later. The transverse magnetic 
field also increases the intensity of the negative ion beam, 
possibly because the field captures the slow electrons 
produced by collision from the vapors in the arc and thus 
tends to reverse the direction of the anode drop which 
otherwise opposes the emergence of the negative ions. By 
using fifty percent heavy water, only six-tenths as much 
negative deuterium as negative hydrogen was obtained. 


1 Darby and Bennett, Phys. Rev. 49, 97, 422 (1936). 
117. Low Voltage Proton Sources. W. W. BUECHNER 


AND E. S. Lamar, Massachusetts Institute of Technology.— 
Further experiments have been carried out with a view 
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towards increasing the proton percentage obtainable from 
capillary arc sources previously described. The collision 
method of breaking up molecular ions has been investi- 
gated. Although no difficulty was experienced in refocusing 
the scattered ions, no evidence was found for break-up in 
the absence of magnetic fields. Rather than investigate 
these possibilities further, a quartz capillary was tried 
using a simple beveled outlet. This eliminated the rapid 
disintegration of the quartz by secondary electrons from 
any probe electrode but there was still evidence of gradual 
disintegration of the quartz by low speed electrons in the 
discharge. The absence of excessive heating indicated that 
the capillary might as easily be made of Pyrex. A Pyrex 
capillary source was therefore tried. In a 3-mm capillary, 
heating was not excessive at arc currents below 0.3 am- 
pere. The proton percentages ranged up to 20 percent. 
Following the experience of Wood, water vapor was 
introduced and resulted in a marked increase in the proton 
percentage (a factor of about 2). Experiments are still in 
progress to determine the maximum possible increase. This 
source possesses the advantages of slightly greater ion 
current efficiency, requires no cooling, is easily constructed, 
and is free from impurities. 


118. A Lithium Ion Source. C. A. WHITMER AND M. L. 
Poot, Ohio State University—A lithium ion source for 
nuclear work has been developed capable of delivering 
more than 15 microamperes of useful current on a col- 
lector two feet away. The current near the source is many 
times that value. The lithium is in a steel boiler held at a 
red heat. The jet of lithium coming from the gun passes 
between two tungsten points across which a condensed dis- 
charge takes place. Multiply charged lithium ions then 


pass through diaphragms and focusing potentials onto the 
collector. The maximum potential used is 150 kv. The ion 
source is at ground potential and observations are made in 
a Faraday cage held at high potential. A magnetic analysis 
of the lithium ion beam shows that the hydrogen con- 
tamination is less than one part in ten thousand. 


119. Mass Ratio of the Carbon Isotopes from the 
Spectrum of CN. F. A. Jenkins, University of California, 
AND DEAN E. Woo.pripGE, California Institute of Tech- 
nology.—By using a source containing methane with ap- 
proximately 10 percent of C!, the violet CN bands have 
been photographed in the second order of the 21-foot 
grating with a dispersion of 0.63 A/mm. As recently re- 
ported, the enriched methane was produced by the second 
author in a Hertz diffusion apparatus. It was mixed with 
argon and a trace of nitrogen to produce the CN spectrum. 
The entire band system due to CN" appears on the 
plates. Measurements on the 0,0 and 0,1 bands have thus 
far been made, and yield an accurate evaluation of the 
vibrational differences by methods previously used by the 
first author. We obtain AG;=2042.416, AG,*=2000.016. 
By using the known vibrational constants of the main 
system, and assuming the theoretical ratio p? for the 
anharmonic term xw., these give the isotopic mass coeffi- 
cient p=0.97897, with an estimated limit of error (/.e.) of 
0.00002. With Aston’s latest value 12.0035 for C, this 
corresponds to 13.0089, 0.0005. This is slightly 
higher than the value 13.0073 (l.e. 0.0003) recently esti- 


mated from disintegration data by Oliphant. Our result 
is to be considered as preliminary, and further measure- 
ments will considerably increase its precision. From the 
isotope shift in the 0,1 band, we find C= 13.0069, but an 
electronic shift of only 0.06 cm would bring this into 
agreement with the above value. 


120. The Isolation of Lithium Isotopes with a Mass 
Spectrometer. L. H. RumBauGu, The Bartol Research 
Foundation of the Franklin Institute. (Introduced by W. F.G. 
Swann.)—A special form of mass spectrometer has been 
constructed, by means of which lithium isotopes can be 
deposited at rates exceeding one milligram per day. 
The essential features of this instrument are: (1) an ex- 
tended source of positive ions, 20 cm? or more in area; (2) 
an electric lens for accelerating and collimating the ion 
beam; (3) a magnetic lens! which separates and focuses the 
different masses; (4) a system of targets of small areas 
upon which the isotopes are collected simultaneously. A 
low temperature source of lithium ions, capable of emitting 
2X10 amperes per cm?, has been developed. Over 20 
specimens of the lithium isotopes, ranging from 5 to 1000 
micrograms in mass, have been collected and deposition 
rates of 100 micrograms of Li’ per hr. have been main- 
tained for as long as 8 hr. Deposited masses have been 
checked chemically with an accuracy of +2 micrograms 
with various samples of 100 to 750 micrograms of lithium 
isotopes. The amounts obtainable are sufficient for certain 
spectroscopic and chemical investigations and are more 
than ample for the study of nuclear transformation and 
excitation. The separation of the isotopes is complete 
except for a general background of unknown constitution 
amounting to about 0.1 percent of the Li’ current at the 
collector. 


1W. R. Smythe, L. H. Rumbaugh and S. S. West, Phys. Rev. 45, 
724 (1934). 


121. Separation of Isotopes by Diffusion. Ruspy SHERR 
AND WALKER BLEAKNEY, Princeton University.—A set of 
diffusion pumps of the Hertz type! was constructed to 
fractionate the isotopes of certain gases. The behavior of 
the pumps under various conditions of pressure and heat 
supply was investigated by using as a test gas a 50-50 
mixture of H, and De. The progress of separation was ob- 
served with an electrodeless discharge and Fabry-Perot 
interferometer. Ninety-nine percent Ds» was secured in one 
operation. Mass spectrographic analyses by our colleagues 
indicated separation factors (ratio of heavy to light in 
enriched sample)/(ratio of heavy to light in original) 
about 100 for the 50-50 H.—D» mixture, 10 for tank hydro- 
gen, and 3.7 for neon. The drop in the separation factor with 
decreasing concentration is probably to be attributed to 
unfavorable ratios of the volumes used and to lack of com- 
plete equilibrium. Runs taken with oxygen gave a value 
of 165 for the ratio O%O%/O%O8 as compared wi. . 250 
for normal oxygen indicating a separation factor of 1.5. 
This value is roughly the same for all pressures between 
1.5 and 9 mm. The system comes to equilibrium in 1} hours 
for an enriched sample of 200 cc. Runs with five and ten 
pumps show that the separation factor increases exponen- 
tially with the number of pumps. 

1G. Hertz, Zeits. f. Physik 91, 810 (1934). 
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122. Distilling Apparatus for Separation of Isotopes. 
G. B. Pecram, H. C. UREy AND JoHN HuFrMAN, Columbia 
University —This distilling apparatus, adapted to the 
separation of liquid constituents having boiling points 
very close together, such as H,O and D,.O, or H,0" and 
H,0!8, consists of a vertical counter-flow column con- 
nected with a boiler below and a reflux condenser above. 
The counter-flow column is a vertical metal cylinder 15 
cm diameter, containing a succession of truncated sheet 
metal cones fitting, small ends down, into the cylinder and 
fixed peripherally to the cylinder wall. The axial hole in the 
small end of each cone is 4.5 cm diameter. The cones are 
spaced 1.6 cm apart. A rotatable shaft with bearings at top 
and bottom is placed axially in the cylinder and has 
fastened on it a similar succession of cones, the outer 
edges of which do not reach the cylinder wall by 1 cm. 
The rotating cones are spaced half-way between the 
stationary cones. Vapor from the boiler traverses the 
spaces between successive fixed and rotating cones which 
act as baffles. Reflux liquid from the condenser counter- 
flows down a fixed cone by gravity, drops to the next 
rotating cone, by centrifugal action runs up it and flies off, 
flows down the next fixed cone, and so on. A column with 
15 fixed and 15 rotating cones proved the equivalent of 
14 ‘theoretical plates.”” A column 150 cm high with 105 
pairs of cones operating at atmospheric pressure changed 
the ratio of concentration of H,O* to H,O® by a factor 
of 1.31. 


123. The Mass-Spectrographic Determination of Mass 
Changes in Some Carbon Transmutations. KENNETH T. 
BAINBRIDGE AND EDWARD B. JORDAN (National Research 
Fellow), Harvard University—The mass differences of the 
matched doublets C® H!—C® and H,'—D* have been 
measured with the new mass spectrograph as 4.5+0.1 and 
1.53+0.0410- units, respectively. The C”®+H!—C® 
separation, taken with Tuve and Hafstad’s data for the 
energy of the bombarding proton, yields 3.6 MV energy 
available for the gamma-ray, positron, and neutrino in the 
radiative capture of a proton by C® and the subsequent 
disintegration of N'. Using both doublet separations, one 
obtains for the energy of the proton and recoil nucleus in 
the C®+D*—+C8+H! reaction 2.76 MV, which is in 
excellent agreement with the disintegration figure. The 
most interesting result from these mass measurements is 
the proof that in the carbon plus proton and deuteron 
reactions involving the transmutation of C” to C®, there 
is not sufficient energy for a 3.5 to 4 MV gamma-ray in 
addition to the known products and their energies. This 
problem, which is of great importance to the reliability 
of the disintegration mass-scale, has been discussed by 
Bethe, Tuve and Hafstad, and Cockcroft. Reproductions 
of the mass spectra will be shown. 


124. The Mass-Spectrographic Measurement of the 
Mass Separation of Certain Doublets. Epwarp B. JorDAN 
(National Research Fellow) AND KENNETH T. BAINBRIDGE, 
Harvard University—The O—CH, and the N—CH, 
doublets have been obtained, matched in intensity, in a 
large number of spectra. The measurements of these 
doublets were made on three different comparators and 
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checked by means of densitometer records. The mass 
differences obtained are: 


CH,4— 0 =0.0369 +0.0002 
CH.—N =0.0130+0.0002. 


These values have been checked by determining the mass 
difference of the CO-N, doublet and the OH-NH; 
doublet. Values of the above mass differences as deter- 
mined by means of disintegration experiments are in good 
accord with those measured in these experiments. Densi- 
tometer records and slides of the mass spectra will be 
shown. 


125. Ionization Potentials of H., N:, CH, and H,.O. 
LincoLN G. SMITH AND WALKER BLEAKNEY, Princeton 
University—A method has been found for measuring 
ionization potentials with a mass spectrograph which is 
nearly independent of sensitivity, pressure, current den- 
sity, and the shape of the theoretical ionization efficiency 
curve near the foot. The method is based upon approxi- 
mate theoretical calculations which take account of the 
Maxwellian velocity-distribution of electrons emitted 
from an equipotential oxide coated cathode. Measurements 
of the minimum energies of electrons to produce ions of 
H.*, No*+ and H.O+ gave 15.37, 15.57 and 12.59 volts, 
respectively. The estimated error in these measurements is 
+0.05 volt. These values agree with other observers but 
we believe the method is more sound than the usual one. 
Further studies in methane with a more sensitive mass 
spectrograph have shown that in addition to the ions CH,*, 
CH;+, CH.*+, CH+, C+, H*+ and H,* ions of H;* are formed. 
All ions are formed by single electron impact with the 
possible exception of H;*, but even this one has a linear 
component with pressure. The ionization potential of 
CH,* has been measured by the new method as 12.72 
volts, a value somewhat lower than that previously re- 
ported. The appearance potentials of H+, H2*, and H;* are, 
respectively, 22.7, 27.8 and 26.0 volts. 


126. The Perfect e/m Filter as a Mass Spectrograph. 
J. A. Hrpece, JrR., AND WALKER BLEAKNEyY, Princeton 
University —It is well known that the trajectory of a 
charged particle in uniform crossed electric and magnetic 
fields is a trochoid in the plane perpendicular to the mag- 
netic field plus a uniform motion in the direction of this 
field. A family of such trochoids emanating from a slit 
comes to a perfect focus when the argument is increased 
by 2x for a given e/m regardless of the initial conditions 
of direction and velocity. The image is of course an astig- 
matic one in the direction of the magnetic field. The ar- 
rangement therefore serves as an ideal e/m filter and may 
be used as a mass spectrograph with linear mass scale. 
The uniform fields are difficult to realize in practice but we 
have succeeded in constructing a model which meets the 
theoretical requirements very well. The electric field is 
secured with a rectangular solenoid of high resistance wire 
mounted between the poles of a magnet and gives, when 
carrying a small current, a uniform electric field parallel 
to the pole faces. Measurements on potassium ions gave the 
resolving power expected. 
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127. A Seeman-Bohlin X-Ray Camera for High Tem- 
peratures. R. F. anp C. NussBauM, Case School of 
Applied Science.-—In the x-ray analysis of the cementite 
and graphite precipitation in cast iron at high tempera- 
tures, the mechanical properties of the material are such as 
to preclude the use of a sample either in the form of 
powder or wire. The Seeman-Bohlin Camera, in which the 
slit, sample, and photographic film are on the circumference 
of the same circle, permits the placing of the sample, 
suitably faced, on this circumference. The sample in the 
form of a T has the front face of the cross arm shaped to the 
circumference of the cassette. On its stem, suitably insu- 
lated, is wound a heating coil. These are mounted so that 
the axis of the stem of the sample coincides with the axis 
of a cylindrical shell in which it is held by heat insulating 
cement. This shell, with the front face of the sample on the 
circumference, is placed in a water-cooled jacket which is 
an integral part of the cassette, and held securely in place 
by four contact points. Displacement of the face of the 
sample from the circumference, due to thermal expansion, 
can readily be prevented by suitable use of silica rods. 
The part of the circumference against which the film rests 
is also water-cooled. This camera has the additional 
advantage of short exposures and high resolving power. 


128. The Determination of the Size and Shape of 
Crystal Particles by X-Rays. A. L. Patrerson, Massa- 
chusetts Institute of Technology—By means of a new 
method, based on Fourier analysis, it is shown that the 
x-ray interference functions for particles of very general 
shapes can be obtained. In particular, such functions are 
given for the known cases of the parallelepiped, and the 
octahedron; and in addition for the tetrahedron, the 
ellipsoid, and the elliptic cylinder; all referred to general 
triclinic axes. An exact derivation of Scherrer’s equation is 
then given for spherical particles of a cubic crystal. 
Scherrer’s original derivation of this equation and W. L. 
Bragg’s simplified derivation are compared with the exact 
solution and are found to be in reasonable agreement. 
Bragg’s method is then used to discuss the problem of the 
shape of particles from x-ray data. 


129. The Complete Crystal Structure of KNO,. GeorGE 
E. Z1EGLER, Central Y..M. C. A. College, Chicago —KNOz 
is one of the nitrite structures being investigated by the 
author for NO» group information. NaNO» was presented 
previously (Washington, 1931), LiNO.-H.O has not been 
completed. The KNO, unit cell contains 2 molecules and is 
face-centered monoclinic with dimensions a=4.45A, 
b=4.99A, c=7.31A, B=114° 50’. The space group is C,’. 
Parameter values are determined on the basis of agreement 
between calculated and observed intensities. Calculations 
for the (h00), (020), (00/) zones first limit the parameters 
to definite ranges, then final values are obtained by trial 
calculations. The final parameters in degrees are: 


x 

K 0 0 

N 180 175 

oO 160 150 
Six oxygen atoms surround potassium at average distance 
of 2.80A. The O—N—O angle is 132°, with the O to O 
distance 2.08°. The closest approach of O’s from different 
NOz» groups is 2.91A. The structure may be considered a 
distorted NaNO, type structure. From the structure it is 
concluded that the crystal has large birefringence with the 
vibration direction of y parallel to the 6 axis and the 
vibration direction of @ nearly perpendicular to (i0T). 
The author wishes to thank the Staff of the Physics 
Department, Ryerson Physical Laboratory, University of 
Chicago, for the use of their research facilities and for their 
advice throughout the investigation. 


130. The Crystal Structure of Germanium Disulphide. 
W. H. ZAcHARIASEN, University of Chicago.—Crystals of 
GeS, are orthorhombic, a=11.66A, )=22.34A, c=6.86A. 
There are 24 molecules in the unit cell and the space group 
is Fdd (C%_..,). Eight germanium atoms occupy special 
positions, (000), (434). All the other atoms are in general 
positions. The twelve parameters involved were determined: 


Every germanium atom is bonded to four sulphur atoms, 
the bonds being directed towards the corners of a tetra- 
hedron. Every sulphur atom is linked to two germanium 
atoms, the bond angle being 103°. The Ge-S distance is 
2.19A. The GeS,-tetrahedra have only corners in common 
and form a three-dimensional tetrahedral network similar 
to the networks found in the various forms of SiOz. 


131. Effects of Chemical Combination on the Widths 
and Asymmetries of X-Ray Lines. H. H. RosEBERRY AND 
J. A. BearpEN, Johns Hopkins University —Previous 
investigations concerning the effects of chemical combi- 
nation on x-ray emission spectra have been limited almost 
entirely to specific lines. Practically all of this work has 
been done with a vacuum photographic spectrometer in 
which the uncertainties of such results are well known. In 
the present work precision measurements have been made 
on the effects of chemical combination for the complete 
K series using a double crystal spectrometer and ionization 
chamber. Changes of width, indices of asymmetry, separa- 
tion of the alpha doublet, and the ratio of peak intensities as 
function of chemical combination have been observed for 
the oxides of Ti, Cr, Mn, Fe, and zinc. The alpha-lines were 
broadened 3 to 35 percent and the beta-lines 0 to 30 
percent. In no case were the gamma-lines affected by 
chemical combination within experimental error. No effect 
was noted on the separation of the alpha-doublet. With a 


Ge 45° 50° o° 
Si 29 66 
Su 55 5 «<a 
Sin 223 45 —100 
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few exceptions the asymmetries of the lines observed 
remained the same as that of the pure metal. 


132. Small Angle X-Ray Scattering. B. E. WARREN, 
Massachusetts Institute of Technology—A study has been 
made of the small angle x-ray scattering from very small 
particle materials such as carbon black and a fine grained 
silica flour. The patterns were made with Cu Ka mono- 
chromated by crystal reflection, and using evacuated 
cameras. Sample to film distances up to 28.3 cm were used. 
With the silica flour the small angle scattering begins at 
about (sin @)/A=0.05 and increases rapidly in intensity 
with decreasing angle. At (sin 0)/A=0.014 it is already 
4000 e.u. per SiO: or ten times the intensity of the strongest 
peak in the diffraction pattern. That the effect is really one 
of scattering by the sample was checked by substituting a 
thin slip of SiO, glass; small angle scattering was then 
absent although the rest of the patterns were the same. 
The effect is interpreted in terms of scattering and inter- 
ference between the individual particles in the fine grained 
material. At sufficiently small angle all the atoms of one 
particle scatter essentially in phase and for a certain range 
of angle, there is partial reenforcement between the 
resultant amplitudes from the particles. The application of 
the effect to particle size measurement is discussed. 


133. An Experiment on the Compton Effect for Gamma- 
Rays. H. R. CRANE, E. R. GAERTTNER, AND J. J. TuRIN, 
University of Michigan.—A progress report will be pre- 
sented on an experiment designed to test the photon theory 
of scattering in the region between 1 and 2.6 MEV. A 
small pencil of radiation from thorium C”’ is shot through a 
cloud chamber having a thin mica window in each side so 
that very little radiation is scattered in entering and leaving 
the chamber. A mica scatterer 0.2 mm thick is placed in 
the beam at the center of the chamber, and two thin lead 
sheets are ‘placed parallel to, and on each side of, the 
primary beam, to absorb the scattered photons. A magnetic 
field is applied to determine the energies of the electrons. 
From the energy and direction of an electron ejected from 
the mica scatterer, the direction of the scattered photon 
expected on the Compton theory can be calculated. This 
eliminates any assumption as to the energy of the primary 
photon. Out cf 400 pictures about 200 electrons appeared 
singly and in the forward direction from the mica scatterer. 
Twenty of these were accompanied by one or more elec- 
trons from the lead sheets. This indicates a low background. 
It will not be possible to advance an opinion as to the 
results until considerably more data have been obtained. 


134. The Enhancement of the Satellites of the X-Ray 
Diagram Line L8, by the Auger Effect. F. R. Hirsu, Jr., 
Cornell University —Druyvesteyn! tentatively assigned the 
Lf; satellites to a single electron transition in a doubly 
ionized atom: Ly,;M—MMjyy. Coster and Kronig? have 
pointed out that ionization of the Myy, y shell caused by 
the radiationless transition Lj—~Ly, is impossible if Z>40. 
However, below Z=40, the atom may be left doubly 
ionized by the Auger effect, Ly and Myjy, y electrons 
lacking, and in the initial state for the emission of satellites. 
The present author’ recently reported an intensity anomaly 


for the Lf; satellites at Z=40. This work has now been 
extended by the same photographic method to include the 
Lf, lines of practically all the elements from Zn(30) to 
Cd(48). With increasing atomic number, the ratio of the 
energy of the satellites 16,’ and L,"’, with respect to that 
of their parent LA; line, rises to a maximum value of 0.34 at 
Z =38 and then falls off sharply to less than 0.01 at Z=41. 
From Z=41 on through Z=48, the value of this ratio 
remains at less than 0.01. Below Z = 40 the enhancement of 
the satellites is due to the Auger effect; above Z=40 the 
satellites persist because of double ionization arising from 
single electron impacts. The present work definitely 
confirms the suggestions of Druyvesteyn! and Coster and 
Kronig:? the single electron between doubly-ionized states 
is Ly Myy, y>(Myy, y)?. 


1M. J. Druyvesteyn, Dissertation, Groningen (1928). 
2D. Coster and R. DeL. Kronig, Physica 2, 13 (1935). 
3F. R. Hirsh, Jr., Phys. Rev. 48, 776 (1935). 


135. Strain in Galena Crystals Produced by Abrasion. 
L. H. GerMER, Bell Telephone Laboratories, Inc.—Filing or 
grinding a galena crystal to a cube face tears out large 
blocks of the mineral. Such an abraded surface gives an 
electron diffraction pattern consisting of the Debye- 
Scherrer rings of galena (PbS). Etching rather lightly in 
aqua regia changes the surface so that it gives a complex 
diffraction pattern. Two superposed patterns are actually 
present. These can be identified as arising from different 
parts of the surface. The parts from which large blocks 
were torn out give the pattern of an almost perfect crystal. 
Other areas produce a pattern characteristic of a mass of 
minute crystallites which have been rotated about an axis 
in the surface normal to the direction of grinding and in the 
sense determined by imaginary ‘“‘rollers’”” which would be 
turned by slipping on the (100) plane. The magnitude of 
the rotations varies for different crystallites over a range 
from 5° to 35°. By alternate etching and examination by 
electron diffraction it is found that this layer of rotated 
crystallites extends beneath the surface for a depth of 
0.003 mm. Below this layer the crystal is nearly perfect. 
Rotation of crystallites along slip planes is the mechanism 
reported to account for strain hardening of metals. 


136. Preferred Orientation of Low Carbon Strip Steels. 
C. B. Post, The Pennsylvania State College. (Introduced by 
Wheeler P. Davey.)—The range of orientation existing in 
cold-rolled strip steels is shown to be a function of the 
working roll diameter. Experimental results from three 
sizes of rolls, viz. 191, 12, and 5} inch diameters, show that 
for any given percent reduction above 40 percent the 
angular deviation of a cube face diagonal, [110], from the 
direction of rolling is greater the smaller the roll diameter. 
Tandem and Steckel type mills were used and the results 
point to the conclusion that tension in the coil as rolled has 
only a small effect, if any, on the final degree of preferred 
structure. This structure can be specified by having a 
[110 ]-direction of the unit cell along the direction of rolling 
with a rotation of the cube about this direction as an axis. 
This rotation is not completely random, but, starting with 
reductions in the neighborhood of 40 percent, the angle of 
rotation steadily decreases to about 55 degrees in the 
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neighborhood of 85 to 90 percent reduction. The angle of 
deviation of the [110] direction from the direction of 
rolling is found to be a function of the percent reduction 
and roll diameter. For the 19} inch rolls this deviation was 
20 degrees for 40 percent reduction and 7 degrees for 90 
percent reduction. 


137. The McLachlan Machine for Drawing Pole- 
Figures. WHEELER P. Davey, The Pennsylvania State 
College—This paper describes a very simple machine 
developed at The Pennsylvania State College by Dan 
McLachlan, Jr., by which pole-figures showing the pre- 
ferred orientation of crystals in rolled metal sheets may be 
drawn directly from the x-ray diffraction patterns. It is 


inherent in the design of the machine that all the conditions 
for stereographic projection are fulfilled and that the actual 
experimental set-up of the diffraction experiment can be 
simulated, thus taking account of (a) the angle between the 
x-ray beam and the sheet and (b) the orientation of the 
sheet itself. All the contributions of a single diffraction 
pattern to a given pole-figure may be charted mechanically 
within five minutes from the time the diffraction pattern is 
inserted into the machine. Any of the three customary 
planes of projection may be employed, i.e., normal- 
transverse, normal-rolling, or rolling-transverse. The 
finished pole-figure is of ample size (about nine inches in 
diameter) for reproduction. If time permits, the machine 
will be demonstrated. 


SATURDAY AFTERNOON AT 2:00 O'CLOCK 


American Pharmaceutical Association 


Auditorium 


138. A Combination Impedance-Wheatstone Bridge. 
T. M. HAHN AND BEN RAGLAND, University of Kentucky.— 
The use of the double vacuum tube voltmeter as usually 
constructed involves the assembly of much accessory 
apparatus. It is also necessary in measuring an inductance 
to make a separate measurement of the d.c. resistance. By 
incorporating a multipole switch and small dry cell in the 
assembly, along with a rectifying unit, a completely self- 
contained a.c. impedance bridge and d.c. Wheatstone 
bridge is constructed. Any impedance within the range of 
this instrument may be measured as conveniently as 
resistance is determined with the usual self-contained 
Wheatstone bridge. A full description of the apparatus 
with the results of typical measurements will be presented. 


139, A New Voltage Regulator Circuit. J. A. ASHworTH 
AND J. C. Mouzon, Duke University.—A circuit has been 
designed for the supply of constant high voltage to a mass 
spectrograph. It is equally useful in all types of work 
requiring constant voltage. The particular feature of the 
circuit is the operation of the control grid of a type 78 tube 
at a positive potential. The constants of this grid circuit 
may be adjusted so that all detectable transients are 
eliminated. Another important feature is that the current 
through the load resistor in the plate circuit is large 
enough for one to vary the output voltage continuously 
and to measure it without destroying the balance of the 
circuit. The high voltage input is supplied from a half 
wave rectifier. With the circuit balanced no fluctuations 
whatsoever can be detected in the output from the regu- 
lator with an L & N potentiometer when the line voltage 
is varied from 108 to 113 volts. The theory of the operation 
of the circuit has been developed. 


140. A Direct Reading Vacuum Tube Speedometer for 
Random Counting. NEWELL S. GINGRICH AND Rosey D. 
Evans, Massachusetts Institute of Technology.—Impulses 


such as are obtained from Geiger counters are generally 
recorded through a multi-stage amplifier by some form of 
mechanical counter. The average rate of counting is 
computed by determining the total number of counts in an 
interval timed with a clock. This procedure is supplanted 
and simplified through the use of a frequency meter 
together with a capacity-resistance tank circuit. Hunt’s! 
frequency meter is modified so as to have a condenser input 
similar to that of Lewis’s? scale of eight, with the tank 
circuit in place of the meter of Hunt’s circuit (Fig. 3).! 
Voltage across the tank circuit is measured with a vacuum 
tube voltmeter, and the reading of the meter in this circuit 
is a direct measure of the mean rate of counting, averaged 
over about 2CR of the tank circuit. Since the frequency 
meter responds to frequencies of several thousand per 
second, the resolving time is limited only by the single 
amplifier stage and is of the order of 0.001 second. This 
circuit is suitable for counting rates of less than 50 per 
minute to at least 2000 per minute, and greatly simplifies 
the determination of counting rates. 


1F. V. Hunt, Rev. Sci. Inst. 6, 43 (1935). 
2 W. B. Lewis, Proc. Camb. Phil. Soc. 30, 543 (1934). 


141. A Hydrodynamical Theory of Piston Ring Lubri- 
cation II. R. A. CAsTLEMAN, Jr., East Falls Church, Va. 
—At the annual meeting of the American Physical Society 
at St. Louis on January 1, 1936, a hydrodynamical theory 
of piston ring lubrication was outlined. It was pointed out 
that, assuming that (a) the outer face of the ring, no 
matter how ‘‘straight’’ initially, is soon worn down to some 
gently rounded form, with thick part in the middle; and 
(b) that oils as used in engine lubrication cannot stand 
absolute tension, then it follows that the ring will ordi- 
narily be borne on a ‘‘thick’”’ (compared to the molecular 
size) film of lubricant. A crucial test of the theory thus 
seemed to lie in measurements of the profiles of the outer 
faces of worn rings. Six worn Ford rings were thus meas- 


ured, each’at three well-separated points along the circum- 
ference of the ring, by the Gage Section of the Bureau of 
Standards. Of the 18 points thus considered, all showed 
wear of the general form assumed, though of various degrees. 
The unexpected were: (1) the worn surfaces are sensibly 
rectilinear, not curved; (2) their angle of mutual inclination 
is much smaller than expected,—of the order of 30 minutes 
of arc; (3) the line of intersection of the two surfaces 
averaged about ? of the distance below the ‘‘top”’ of the 
ring. These results are in line with the present theory. 

142. The Faraday Effect Near Isolated Band Lines. 
THOMAS CARROLL, Yale University.—It is usually assumed 
that the Faraday effect observed in the vicinity of some 
band lines consists of a rotation of the plane of polarization 
which is symmetrical about the no-field frequency of the 
line. If, however, the first order perturbation of the inten- 
sities of the various Zeeman components by the field is 
taken into account, plane polarized light with frequency 
near the absorption line propagated along the field becomes 
elliptically polarized. The major axis of the ellipse is 
rotated through an angle which is greater for frequencies 
on one side of the line than for those on the other. This 
perturbation of the intensities is important mainly for 
heavy molecules, since it is proportional to the ratio of 
the Larmor frequency to the B value of the molecular 
level in question. Essentially the magnetic field produces 
dichroism, that is, unequal absorption and coherent scat- 
tering for right and left-handed circular polarizations. 
The observations of Wood on the asymmetrical magnetic 
rotation near several J, lines confirm the theory. New 
observations of magnetic rotation in the infrared K:2 
system indicate that the rotation is predominant on one 
side of the absorption line. 


143. The Optical Constants of Liquid Gallium. J. B. 
NATHANSON, Carnegie Institute of Technology—A mirror 
of liquid gallium was produced by filling a previously 
heated glass cell with the metal, under vacuum. Polari- 
metric observations were made through a small Pyrex 
window of the glass cell. By means of suitable glass prisms 
placed in optical contact with the window of the cell, 
the phase difference and the angle of restored plane 
polarization were determined for angles of incidence of 
45° and 60°. The optical constants were computed by 
means of Drude’s formulae. For wave-lengths of 4358A, 
5461A, and 6708A, the coefficients of absorption were 
found to be 7.1, 5.8, and 5.4, respectively, while the re- 
fractive indices relative to air were 0.63, 0.91, and 1.08, 
respectively. The reflecting powers for normal incidence 
varied only slightly with the wave-length, the values for 
the above wave-lengths being 88.8, 88.4, and 88.6 percent, 
respectively. Within the limits of experimental error, 
there did not seem to be any variation of the above 
constants with respect to temperatures varying from 24°C 
to 40°C. 


144. Evaporated Aluminum Coatings for Interferometer 
Plates for Use in the Ultraviolet. J. E. RuEpy, Evaporated 
Films Co., AND GEORGE BuRR SABINE, Cornell University. 
—Partially transmitting films of aluminum evaporated 


upon Corex and fused quartz have been measured for 
reflection and transmission over the wave-length range 
2380-4080A with the purpose of determining their suita- 
bility for interferometric use in the ultraviolet. Numerous 
samples were made having transmissions ranging from 2 
to 50 percent in the visible. All of these show the same 
general behavior: namely, a slow decrease in reflectivity 
and a nearly corresponding increase in transmissivity with 
decreasing wave-length. The thicker films have the higher 
efficiency (efficiency =reflection+transmission) with the 
opaque film reflectivity of about 90 percent throughout this 
entire range as the upper limit. A film suitable for use in a 
Fabry-Perot interferometer might have the following char- 
acteristics: at 4000A: T=2 percent, R=84 percent; at 
2400A: T=16 percent, R=70 percent. Negligible change 
in the behavior of these films is produced by washing 
them, and no deterioration with time has been evident 
over the two-months’ period during which they have been 
under observation. 


145. The Theory of the Michelson Interferometer. W. B. 
CARTMEL, Université de Montréal—tIn the theory of the 
interferometer as developed by Michelson, no account 
was taken of the part played by the lens system, except 
to some slight extent in deriving the important circular 
fringe formula used in his determination of the meter in 
wave-lengths of light. The formulas developed in the 
present paper are based on the idea that the fringes are 
formed in the focal plane of the observing telescope, 
where two images of the flame are seen, which coming from 
the two end mirrors arrive by different paths. If the ob- 
serving telescope is perfectly normal to the end mirror and 
the arms of «he interferometer are of exactly equal length 
lo, it is found that the central black fringe will arrive at 
the center of the crosswires. The angular separation 
between the mth fringe and the crosswires is given by 
¢=nd/4l)(a—8), the angle (a—8) being the mirror angle 
as usually defined. If f is the focal length of the observing 
telescope, the width W in centimeters of the fringes is 
given by W=f tan ¢=f tan \/4l)(a—8). The foregoing 
theory was developed from ideas that arose in connection 
with the ether drift problem, it being necessary to take 
into account small angles that are found to play a small 
part in ordinary interferometer work and are of the 
greatest importance in connection with the fringe shifts 
produced by the ether drift. The paper gives more com- 
plete formulas than those given above which are only 
approximate, and it will be shown how these new formulas 
may possibly be of value to those engaged in metrological 
work. 


146. Photographs of Unusual Interference Fringes. F. A. 
Mo sy, West Virginia University—Photographs will be 
shown (a) of fringes which appear to have the combined 
features of equal thickness fringes and of equal inclination 
fringes. These are obtained from a “‘half’’ platinized convex 
side of a ‘‘Plano”’ lens resting on a platinized plane surface. 
Surfaces were platinum sputtered. These fringes are very 
similar to those obtained with a Fabry and Perot Inter- 
ferometer, several hundred rings being visible in the photo- 
graph, sharp to the edge of the plate of about 3X3 cm.; 
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(b) of fringes seen by an eye looking at its own image as 
seen in the multiple images formed by a “half” platinized 
front surface and a platinized rear surface of a plane 
parallel glass 3.5 mm in thickness. These fringes have the 
appearance of perfect circles centered about the eye and 
located on the face of the observer, which proves to be a 
deceptive illusion for they are actually at or near an infinite 
distance, and the multiple images of the eye and face 
result in no very good image. The light of a Cooper Hewitt 
mercury lamp, or that of a sodium electric arc, and the 
platinized plate only are needed for viewing these fringes. 


147. A Determination of the Optical Properties of 
Fluorite by Reflection in the Extreme Ultraviolet. RICHARD 
Tousey, Harvard University—Specular reflecting powers 
at 45°, 65°, 75°, and 85° incidence have been measured for 
a polished fluorite surface, from 1026A to 1610A, by 
photographic photometry. The reciprocity law was used, 
and corrections for its failure were made in accordance 
with Harrison’s work on fluorescent oils.! These correction 
exposures were made on each film with an inverse square 
law sensitometer. Drying in vacuum was found to affect 
the reciprocity failure. Hence the film was held in an 
evacuated chamber. The temperature was also controlled. 
The photographic error was reduced to about two percent. 
Reflecting powers of fluorite could not always be repro- 
duced as closely as this, however, because of small changes 
in surface condition, though a standard cleaning procedure 


was followed. The index of refraction and the extinction 
coefficient have been computed from the reflecting power 
data for the one fluorite surface so far used. The dispersion 
is anomalous from roughly 1175A to 1100A. The extinction 
coefficient reaches a maximum at about 1100A. Thus an 
absorption band with center at about 1140A is indicated. 
The light from the grating was found to be unpolarized 
within experimental error, by calculation from the re- 
flecting data where fluorite is transparent. 


1 Tousey, J.O.S.A. 20, 313 (1930). 


148. Magneto-Optical Rotation and Natural Dispersion 
in Gases. F. G. SLAcK AND R. T. LAGEMAN, Vanderbilt 
University —Formulae for the natural dispersion and for 
the magnetic rotation are tested together by use of recently 
determined experimental data for gases. Similar checks 
have been made by Evans and his co-workers for liquids." 
Dispersion equations of the Ketteler-Helmholtz type, with 
a single ultraviolet absorption term, together with Bec- 
querel’s equation for the Verdet constant are found to fit 
the experimental data in the case of the gases acetylene, 
ethylene, and carbon dioxide. The computed wave-lengths 
of absorption bands lie within experimentally determined 
bands for these gases. For several other gases, methyl 
chloride, chloroform, oxygen, and nitrogen apparently more 
complicated formulae are required. 


1 Evans, Phil. Mag. 18, 386 (1934). 
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149. The Magnetostrictive Oscillation of Quartz Plates.* 
R. C. COLWELL AND L. R. Hitt, West Virginia University. 
—Crystal quartz plates were vibrated by magnetostrictive 
rods at resonance frequencies below 100 kc. The modes of 
vibration were determined from sand figures and compared 
with those obtained when the plates were electrostatically 
driven. The frequency for a given mode of vibration was 
found to be the same whether the crystal was excited by 
an alternating electric field perpendicular to the electric 
axis or by a vibrating nickel rod. The mechanical response 
band for any mode of vibration was found to be much 
sharper than that of a brass Chladni plate. 


* To be called for after paper No. 29. 


150. Constant-Potential Technique and Equipment for 
Extremely High Voltages.* M. A. Tuve, L. R. Harstap, 
AND O. DauL, Department of Terrestrial Magnetism, Car- 
negie Institution of Washington—During the past five 
years a complete constant potential technique for nuclear 


Papers received after the program has been 
printed will be placed in the supplementary 
program. 

The papers in the supplementary program 
may be called for only at the session indicated. 


physics studies utilizing electrostatic generators and 
cascade type high voltage tubes has been developed and 
critically tested in this laboratory on quantitative nuclear 
problems, with the ultimate objective of extending the 
technique to include the whole range of nuclear energies 
below cosmic rays. A year ago this experience was crystal- 
lized into the design of an equipment which can be relied 
upon to operate satisfactorily throughout a range of 
constant potentials well in excess of ten million volts, 
and which we hope ultimately may be realized and installed 
here. The equipment comprises a corona protected cascade 
tube, voltmeter resistor, and electrostatic generator en- 
closed in a large (60-foot diameter) spherical pressure tank 
filled with compressed air. Such tanks (for pressures up to 
75 pounds per square inch) are in industrial use and are 
commercially available. For higher voltages, currents of 
many milliamperes, and maximum effectiveness, the Van 
de Graaff belt-type generator is supplanted by the earlier 
conception of a cascade of disk-type Holz generators. 


Electrons, as well as all types of ions, can be accelerated 
to extreme energies at will and under immediate and 
accurate control. Bombarding the targets in subterranean 
rooms beneath the pressure sphere generator permits the 
use of earth and water as gamma-ray and neutron shielding. 
Tests on details of design, including tubes, insulators, disk 
generators, voltage control, and other items, will be 
described. 


* To be called for after paper No. 36. 


151. Width of Neutron Resonance Levels.* H. A. 
BETHE, Cornell University—In the Wigner-Breit theory, 
the powerful capture of neutrons by certain elements is 
ascribed to resonance. In Ag, the resonance level lies near 
E o=16 volts. An estimate of its width may be obtained 
from the ratio of the absorption coefficients of ‘‘resonance 
neutrons” and ‘‘temperature neutrons’’ in the same sub- 
stance. According to Wigner-Breit, this ratio should be 
Kres : Ktemp = For Ag, Ktemp =0.25 per g/cm?. 
Kyes may be obtained from Fermi’s experiments, taking 
account of the fact that the absorption of Ag resonance 
activity in Ag absorbers should not be exponential, the 
most active neutrons being absorbed first. The result is 
Kres=4.7 per g/cm?, giving y~0.2 volt. An alternative 
method for determining y is from the absolute activities 
produced by temperature and resonance neutrons, whose 
ratio should be A res/A temp = 7 res(EokT)!/ Ntempy, where 
Ntemp is the number of temperature neutrons falling on 
the detector, and N’;.;/E 9 the number of resonance neu- 
trons per unit energy. Assuming diffusion equilibrium in 
the paraffin, we estimate N’res/Ntemp=1/30. With an 
observed activity ratio A res/A temp =0.33, we obtain again 
+ =0.2, approximately. This tests also the laws of diffusion 
in paraffin. Observations of the absorption of the ‘‘reso- 
nance activity” in Ag by a Ag absorber of varying thick- 
ness, should give information about the ‘‘shape” of the 
resonance level. 


* To be called for after paper No. 62. 


152. Search for Nuclear Cosmic-Ray Particles in the 
Stratosphere, Using Photographic Emulsions.* L. H. 
RUMBAUGH AND G. L. Locuer, Bartol Research Foundation 
of the Franklin Institute—Thirty-two specially prepared 
photographic plates (Imperial Process plates, treated with 
pinakryptol yellow, in an atmosphere of nitrogen) were 
placed in the gondola of the Explorer II (Nat'l Geog. 
Soc’y-Army Air Corps Flight) for the purpose of register- 
ing high energy nuclear particles. 17 of these plates were 
covered with materials representing 20 different elements. 
A part of these plates has been examined under a micro- 
scope for tracks of nuclear particles in the emulsions, with 
the following results: (1) from 8 to 20 low energy a-particle 


tracks per cm? (2 to 8 cm of air range) appear in all emul- 
sions examined; (2) no a@-particle tracks longer than 8 cm 
of air equivalent range, nor any high energy H-particle 
tracks have been observed in 60 cm? of emulsion. Probably 
all of the short a-tracks may be ascribed to radioactive 
contamination in the plates or their coverings. High energy 
a-particles of the kind reported by T. R. Wilkins and H. 
St. Helens! and protons must be too small in number to 
contribute appreciably to the total cosmic-ray ionization 
at the altitude reached by the balloon. 


* To be called for after paper No. 73. 
' Wilkins and St. Helens, Phys. Rev. 49, 403 (1936). 


153. Apparatus for the Measurement of Artificial Radio- 
activity.* S. N. VAN Vooruis (National Research Fellow), 
University of California.—For more accurate determination 
of the decay curves of artificial radioactive substances, 
apparatus has been constructed consisting of a pressure 
ionization chamber of about one half-liter volume, filled 
with CO, to a pressure of three atmospheres, having a 
window of aluminum 0.1 mm thick. It is connected to an 
FP-54 pliotron, which is arranged to be used either with 
a high resistance for direct deflection, or with or without 
an extra condenser for rate-of-drift measurements. Tests 
with a radium sample have shown that the calibration 
has remained constant to within one percent over a period 
of four months, although the resistance has a temperature 
coefficient for which corrections must be made. The half- 
lives of the following substances, produced by deuteron 
bombardment of the target indicated, have been measured. 


HALF-LIFE 


14.8 hours 
37.0 minutes 
10.0 minutes 


TARGET 
Sodium fluoride 
Lithium chloride 
Soot 
Acheson graphite 


SUBSTANCE 


Radio-sodium 
Radio-chlorine 
Radio-nitrogen 


These values should be good to about one percent or 
better. In each case the decay is accurately exponential 
over a range of intensity of one thousand or more. 


* To be called for after paper No. 93. 


154. Evidence for the Existence of Li®’.* A. KEITH 
BREWER, Bureau of Chemistry and Soils, Washington, D. C. 
—A mass spectrographic analysis of lithium thermions 
emitting from an impregnated platinum disk shows a 
distinct peak in the mass number 5 position. This peak is 
proportional to the Li® and Li’ peaks, giving an abundance 
ratio close to Li’/Li* = 20,000. The possibility of the peak 
being due to helium hydride is small since no peak was 
observed in the 4 position. Likewise no peak was found 
in the 10 position; it is highly improbable, therefore, 
that the peak could be due to doubly charged boron or 
beryllium. 


* To be called for after paper No. 126. 
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